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1.1 History of the Project 
The International Energy Agency is an autonomaus body established 
in November 1974 within the framewerk of the Organisation for 
Economic Cooperation and Developmertt (OECD). Nineteen of the 
OECD's twenty-four member countries participate in the IEA~, and 
the Commission of the European Communities takes part by special 
arrangement. 
The IEA has been established to implement the International Energy 
Program (IEP) adopted by the participating countries on 18th 
November, 1974, the basic objectives of which being: (i) to take 
measures to meet oil supply emergencies; (ii) to reduce dependence 
on imported oil by undertaking long-term cooperative efforts on con-
servation of energy, on accelerated development of alternative 
sources of energy and on research, development and demonstration 
in the energy field; (iii) to promote cooperative relations with 
oil-producing countries and other oil-consuming countries, includ-
ing those of the developing world, through a purposeful dialogue. 
Within the context of the Agency's long term cooperation progrmrnne, 
the participating countries have agreed to carry out national pro-
grammes of energy research, development and demonstration, and as 
may be agreed between some or all of them, to undertake cooperative 
activities including jointly financed programmes and projects in 
energy research and development. 
In further support of this cooperation, the participating countries 
have agreed to develop and implement an appropriate strategy for 
research and development. This strategy will be closely linked to 
and coordinated with the other parts of the Agency's long term 
~EA rnember countries: Austria, Belgium, canada, Denmark, Germany, Gr"eece, 
Ireland, Italy, Japan, Luxeml:x:>urg, Netherlands, New Zealand, Spain, SWede..."l, 
Switzerland, Turkey, United. Kingdom, United States. 
(Note: in 197 9 the IEA membership was increased. to twenty countries with the 
admission of Australia. ) 
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programme. It will identify major new energy sources and conser-
vation possibilities; their potential energy contribution and 
probable time scale of commercial implementation, and define 
technologiaal options; and will identify possible new areas of 
fruitful cooperation.a) 
In April 1976, the Committee on Energy Research and Development 
(CRD)b), which is responsible for the IEA's cooperative RD&D 
efforts, established a systems analysis project whose primary 
objective was to evaluate new energy technologies and thereby 
assist in the formulation of an IEA RD&D strategy. A Steering 
Groupc), consisting of delegates from the participating IEA member 
countriesd) , was organised to set objectives and guide the work 
plan of the project. Phase I of this project finished in March 
1977, and the results of the work were documented.e) 
Phase II of the project, which is the subject of this report, 
began on April 1st, 1977 and ended in March, 1980. During this 
phase of the work, a computer model, MARKAL, was developed which 
allowed an evaluation of the potential impact of new technologies 
in competition with each other and with existing technologies 
under conditions related to various policy and physical constraints 
(scenarios). MARKAL is a flexible multi-period linear programming 
model which is capable of describing the time evolution of widely 
diverse energy systems under a variety of constraints and objec-
tive functions. 
a) QJ.oted fran: International Energy Agency, Energy Research, Devel;:FJJent and 
Demonstration, Prograume of the IEA, May 1977, OECD, 2, rue Andre-Pascal, 
75775 Paris, Cedex 16, FranCE. 
b) In 1976 Dr. W. Schmidt-Kuster was Chainnan of CRD. 
c)Dr. Rcxjer LeGassie served as Chaiirnan of the Steering Group fran 1976 until 
November 1978, when he was sucCEeded by Dr. Richard H. Williarnson. 
d)Participants included Austria, Belgium, Canada, Denrnark, Germany, Ireland, 
I tal y, Japan , Nether lands , New Zealand, No:r:way, Spain, Sweden , Swi tzer land, 
United Kingdan, United States and the CEC. 
e) IEA Energy SystEms Analysis Project, An Initial Multi-National Study of 
Future Energy Systems, and Impacts of Sane Evolving Technolcx:Jies, prepared 
jointly by the project staffs at Brockhaven National Labaratory and Kern-
forschungsanlage Jülich, BNL=-50641/Jül-1406, March 25th, 1977. 
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By the end of 1979, fifteen countries had cornpleted analyses of 
9 to 16 seenarios using the MARKAL rnodel. These results are 
surnrnarised in the Phase II final reports of the individual coun-
tries. This is one such report. 
It should be noted that there are two versions of MARKAL, the BNL 
and the KFA version. These were necessary because of the differ-
ent cornputer hardware and software systerns at the two laboratories. 
Users' guides for each version have been publishedf)g). Although 
the two versions differ in cornputer prograrnrning detail, they have 
the sarne structure and, in principle, perform identical calcula-
tions. An effort will be rnade in the future to reconcile the 
rninor differences which rernain and to standardise the input for-
rnats and the output reports. 
A rnajor part of the project effort has been devöted to the quan-
titative descriptions of existing and new technologies. This data 
serves as input to the rnodel. In particular, the new technologies 
in the supply sector have been subjected to extensive detailed 
review by the project staff and experts frorn industry and govern-
ment institutions of the participating countries. For many tech-
nologies a standard set of reference values which characterise the 
technology have been adopted. Individual countries have modified 
t~ereference values in order to account for local conditions, e.g. 
labour costs and other economic factors, geographical factors, and 
specific national standard for environmental protection and public 
safety. The reference data and the data used by individual coun-
tries has been documented. 
The development of MARKAL, the technology characterisations, and 
the analytical studies are the result of an international collabora-
tion which has involved approximately 50 people from the 16 parti-
cipating countries and the CEC. 
f)H. Abilock and L. Fishb:me, Users' Guide for MARKAL (BNL Version), BNL 
Decernber 31st, 1979 
g) G. Giesen, H.A. Hyrnmen, K. Leimlcühler, Users' Guide for MARKAL (KFA Version), 
May 1980 
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1.2 Objectives of the Project 
The main aim of the project is to develop an overall IEA Research, 
Developm~nt and Demonstration (RD&D) strategy. The Organisation 
of the project is shown in Figure 1. 
ORGANISATION WITHIN THE IEA 
COMMITTEE ON 
ENERGY RESEARCH AND DEVELOPMENT 
STEERING GROUP 
ON ENERGY R&D SYSTEMS ANALYSIS 






Figure 1: Organisation of the Project 
The main purposes of the IEA RD&D strategy are: 
- To establish estimates and targets for the potential con-
tribution of individual new and improved technologies, 
taking into account their performances, costs and energy 
contribution. 
- To establish a base for an effective linkage between 
national RD&D strategies, and 
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To identify non-technology policy issues which could ham-
per the introduction of promising technological options. 
The main purpese of this report is to provide the IEA Steering 
Group and the Spanish authorities with information about the 
Spanish energy system and the potential role of new technologies 
within it. 
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2. THE MARKAL MODEL 
2.1 Methodology 
The seenarios presented in this report have been computed with 
the KFA version of the time-dependent linear prograrnrning model 
MARKAL. Since the model was developed mainly to evaluate the 
possible impacts of new technologies on national systems, it is 
flexible in structure and it is therefore possible to apply the 
model to a large variety of seenarios or cases. 
MARKAL determines the optimurn structure of the energy system over 
the whole time span considered, dependent on a given objective 
function (generally the total discounted cycle in cost) and exogen-
ously specified constraints. The latter includes availability 
of resources, costs and energy demands. 
It is only possible to obtain feasible solutions if all end-use 
demands specified by the user can be satisfied for every time period. 
The duration and number of time periods are specified by the user, 
although in the IEA Systems Analysis Project nine five-year periods 
were considered by all participating countries. The time periods 
arecentred at 1980, 1985, .... , 2020, covering a time span of 45 
years. If an optimal solution is obtained, its structure depends 
on the objective function used, the technological and economic 
data supplied by the user and the constraints considered. These 
items will be explained in more detail in the following parts of 
this report. 
The size of the Spanish model is at present approximately 1700 rows 
and 3700 variables. The flexibilitiy of the model structure allows 
the user to alter readily the structure and aggregation of the 
demand sectors and also the number and type of technologies. 
The development time for the KFA version of MARKAL has been approx-
imately 1,5 years, and the corresponding documentation has already 
been published (see footnote g) on page 3). 
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2.2 The MARKAL Energy System 
The model simulates the flow of energy from the primary energy 
carriers, through transformation systems, to the demand devices 
which satisfy the specified demands. 
The energy system which MARKAL represents is shown in Figure 2. 
OOMESTIC 







1---11>4 TRANSPORTAT I ON t--...-11>4 UTILISATION ~---~ OEVICE 
DISTRIBUTION 
REFINERY 0 I L PROOUCTS BURNER MECHANICAL ENERGY 
POWER STATION COKE ELECTRI C MOTOR SPACE HEAT 
DISTRICT HEATING ELECTRICITY OVEN PROCESS HEAT 
PLANT HARO COAL etc. etc. COKE OVEN OISTRICT HEAT COAL GASIFICATION etc. 
etc. 
Figure 2: MARKAL Energy System 
The circles show the different categories of energy considered: 
primary energy, final energy and useful energy. Only final and 
primary energy can be imported or exported. Primary energy is 
available from either domestic production or imports. The changes 
from one category to another are shown by rectangles; the left 
one shows the conversion from primary to final energy and the 
right one from final to useful energy. The corresponding lasses 
resulting from both transformationsare also shown. There are also 
transport and distribution lasses which must be considered. For 
the conversion from primary to final energy, the conversion systems 
are technologies such as electric power plants, district heating 
plants, coal gasification plants, coke ovens, etc. Burners, elec-
tric motors, ovens, etc. convert final to useful energy. The 
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corresponding technical, economic and environmental data (1) must 
be specified for each technology. The possibilities for imports 
and exports of primary energy are also shown. 
The MARKAL codes used are listed and explained in Table 1. 
2.3 Examples of Inputs and Outputs 
Figure 3 shows the model inputs and outputs. It is necessary to 
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Figure 3: The MARKAL Model 





















































TABLE 1 . HAR.."CAL CODES 
DEMAND DEVICES 
IRON STEEL PROD NON SUBST MIX 
IRON STEEL PROD GAS BURNER 
IRON STEEL PROD DSH BURNER 
OTHER INDUSTRIAL HCO BURNERS 
OTHER I~IDUSTRIAL DSL BURNERS 
OTHER INDUSTRIAL DSH BURNERS 
OTHER INDUSTRIAL GAS BURNERS 
OTHER INDUSTRIAL ELC MIX 
NON ENERGY USE MIX 
SP HT SFDW.ELC STORAGE 
SP HT SFDW ELC UNRESTRICTED 
SP HT SFDW OIL 
SP HT SFDW GAS 
SP HT ·spow ELC HEAT ~UMP 
SP HT SFDW·GAS_HEAT PUMP 
SP HT SFDW SOLAR 
SP HT SFDW AND MW BACK UP OIL 
SP HT SFDW AND WW BACK UP GAS 
SP HT SFDW EXISTING MIX 
WW ALL ELECTRIC 
WW ALL OIL 
WW ALL GAS 
WW ALL SOLAR 
WW BACK UP OIL 
WW BACK UP GAS 
WW ALL OIL AND ELC 
WW ALL GAS AND ELC 
WW ALL EXIST MIX 
RES AND COMM OTHER USE 
SP HT MFDW AND COMM ELC SOTORAGE 
SP HT MFDW AND COMM ELC UNRESTRICTED 
SP HT MFDW AND COMM OIL 
SP HT MFDW AND COMM GAS 
SP HT MFDW AND COMM ELECTRIC HEAT PUMP 
SP HT MFDW AND COMM GAS HEAT PUMP 
SP HT MFDW AND C~ EXIST MIX 
ROAD TRANSPORT ELECTRIC 
ROAD TRANSPORT DIESEL 
ROAD TRANSPORT GASOLINE 
RAIL AIR AND SHIP TRANSPORT MIX 
ROAD TRANSPORT HYDROGEN 
DEMAND SUBSECTORS 
IRON AND STEEL PRODUCTION 
OTHER INDUSTRIES(ALL EXCEPT Il) 
·NON ENERGY USES 
RESIDENTIAL SPACE HEAT SFDW 
WATER HEAT ALL USERS 
LIGHTING' AND APPLIANCES ALL USERS 
RESIDENCIAL MFDW AND COMMERCIAL SPACE HEAT 
ROAD TRANSPORT 
















































TABLE 1. MARKAL CODES. (Continued) 
PROCESSES 
HARD COAL LURGI GASIFICATION 
HARD COAL TO MEDIUM BTU GAS 
HARD COAL TO 'METHANOL 
COKE OWEN 
DISTILLATION OF CRUDE OIL 
HYDROCRACKING OF HEAVY DISTILLATE OIL 
CATALYTIC CRACKING OF LIGHT DISTILLATE OIL 
ENR OF URN AND FABR OF LWR FUEL 
ENR AND FABR OF HTR FUEL FOR URN/THO CYCLE 
ENR AND FABR OF HTR FUEL FOR U35/THO CYCLE 
FABR OF LMFBR FUEL FROM PLU AND UDP 
REPROCESSING OF LWR SPENT FUEL 
REPROCESSING OF ~WBR SPENT FUEL 
REPR OF HTR SPENT FUEL FROM URN/THO CYCLE 
REPR OF HTR SPENT FUEL FROH U35/THO CYCLE 
HARD COAL NUCLEAR HYDROGASIFICATION 
HARD COAL NUCLEAR STEAM GASIFICATION PLANT 
HARD COAL LIQUEFACTION/HYDROGENATION 
HARD COAL LIQUEFACTION FISCHER/TROPSCH 
BROWN COAL LURGI GASFICATION 
BROWN COAL NUCLEAR HYDROGASFICATION 
VIRTUAL PROCESS,METHANOL INTO GASOLINE 
VIRTUAL PROCESS,DSH TO POWER STATION FUEL 
VIRTUAL PROCESSrDSL TO GAS TURBINE FUEL 
VIRTUAL PROCESS,GAS TO GAS TURBINE FUEL 
VIRTUAL PROCESSrHCO TO POWER STATION FUEL 
VIRTUAL PROCESS,PFG TO POWER STATION FUEL 
VIRTUAL PROCESSrHYDROGEN TO GAS 
VIRTUAL PROCESS,HTR FUEL USE .FOR URN/THO CYCLE 
VIRTUAL PROCESS,HTR FUEL USE FOR U35/THO CYCLE 
HYDROGEN PRODUCTION FROM WATER ELECTROLYSIS 
GENERATION OF ELECTRICITY 
HARD COAL POWER PLANT 
BROWN COAL POWER PLANT 
HARD COAL COMBINED CYCLE POWER PLANT 
IN SITU COAL GASIFICATION FOR ELECTRICITY 
MIXED OIL AND GAS STEAM ELECTRIC 
MIXED OIL AND GAS TURBINE 
LWR NUCLEAR POWER PLANT 
HTR NUCLEAR POWER PLANT 
Ll'1FBR NUCLEAR POWER PLANT 
FUSION ELECTRIC POWER PLANT 
CONVENTIONAL HYDROELECTRIC POWER PLANT 
WIND ELECTRIC POWER PLANT 
GAS FUEL CELL ELECTRIC 
DISPERSED SOLAR PHOTOELECTRIC 




















TABLE 1. MARKAL CODES (Continued) 
ENERGY CARRIERS 
DOMESTIC HARD COAL 
DOMESTIC BROWN COAL 
DOMESTIC CRUDE OIL 
MINING OF U308 
DOMESTIC NATURAL GAS 
IMPORT OF HARD COAL 
IMPORT QF CRUDE OIL 
IMPORT OF NATURAL GAS 
IMPORT OF URANIUM 
IMPORT OF THORIUM 
STOCKPILING OF NATURAL. URANIUM 
STOCKPILING .OF DEPLETED URANIUM 
STOCKPILING OF PLUTONIUM 
STOCKPILING OF U33/U35 MIXED OXIDE 
STOCKPILING OF LWR SPENT FUEL 
STOCKPILING OF SPENT URN/THO HTR FUEL 
STOCKPILING OF SPENT U35/THO HTR FUEL 
STOCKPILING OF LMFBR SPENT FUEL 
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Objective function 
The minimisation of total discounted system cost was an 
objective function used in all scenarios. However, some 
seenarios comprise a sequence of two or more optimisations, 
each using a different objective function. The objective 
function used in the last step of such a sequence is always 
the minimisation of total discounted system cost. For 
example, the computation of the SP-1 scenario comprises two 
runs. The objective function applied in the first is the 
minimisation of the total amount öf imported oil during the 
time span considered. In the secend run, the objective 
function is the minimising of the total discounted system 
cost under a constraint, viz. that the total amount of 
imported oil is not allowed to exceed the value obtained 
from the first run. 
Supply and price of primary fuels 
See section 4.2 of this report. 
Use of final energy instead of useful energy for each demand 
sector 
The end-use demands are normally specified in terms of useful 
energy with the efficiencies for the demand devices having 
a value of less than one. The demands can alternatively be 
expressed in terms of final energy, in which case efficiencies 
do not enter the calculations. 
For instance, for the transportation sector the secend option 
has been used, and thus the specified demand represents the 
fuel delivered to the vehicles at the gas stations, that is 
to say, the engine efficiency does not enter the calculations. 
However, the model can choose between oil-derived and coal-
derived liquid fuels. 
The computation of the demand data is discussed in more detail 
in section 4.3 of this report. 
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Technology data 
Data necessary to characterise technologies (investment cost, 
operating and maintenance cost, efficiency, starting year, 
technical lißetime, etc.) are discussed in detail in section 
4.4 of this report. 
Constraints on implementation of new technologies 
There are two main kinds of constraints: bounds on total 
installed capacity of each technology and bounds on annual 
investment for each technology. These can be used simul-
taneously and can be either upper, lower or fixed bounds. 
Bounds are discussed in more detail in section 4.4 of this 
report. 
All these inputs, except the objective function, are included in 
the national data file. The objective function is specified during 
the particular scenario run. 
A standard output includes: 
Primary energy required to satisfy the energy demand speci-
fied by the input data. 
- Exports and imports of fuels. 
- Final energy demand for each sector. 
- Installed capacity of conversion technologies. 
- Total discounted systern cost. 
- Total emissions (1). 
(l) At present, the WDrk plan has not allowed for the inclusion of environmen-
tal data. 
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Shadow price, i.e. the marginal cost of an additional 
unit of a bounded quantity. 
Results are shown in section 5 of this report. A considerable 




"Scenarios" are hypothetical sequences of conditions which can 
modify the structure of an energy system. It is obvious, for 
example, that the imported crude oil price has a very large in-
fluence on the structure of the energy systems of the Western 
European countries. Therefore a change in the evolution of this 
price will introduce important modifications to the energy systems. 
Each possible evolution of this price creates a different scenario. 
This is just an example; another group of seenarios could be 
created by considering different policy constraints relative to 
the implementation of different types of power plants, etc. The 
main objective of this study is to describe the sensitivity of 
the Spanish energy system to changes in certain parameters. 
3.1 Definition of Scenarios 
Excluding the RP-4 scenario, which will be explained below, all 
seenarios are characterised by two main indicators: 
PRICE indicator 
SECURITY OF SUPPLY 
indicator 
P = total discounted cost of the 
energy system for the total time 
considered (45 years) 
S = total net oil import over 
the entire time span 
The so-called "PS-scenarios" have been obtained by minimising P 
with no constraint on S. One of these seenarios has been con-
sidered as the base case or reference scenario (PS-1) . The number 
after the two capital letters indicates if the scenario is accel-
era ted or not. 
Unaccelerated seenarios 
These seenarios have the number l after the two capital 
letters. This means that the date of availability and the 
constraints on implementation of new technologies are exac-
tly the same as in the reference scenario PS-1. 
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If these seenarios are represented in the (PS) spaee, they 
lie on the PRICE-SECURITY trade-off eurve (see Figure 4). 
The SP seenarios have been obtained by minimising P under 
the eonstraint that S is not allowed to exeeed a given 
upper limit s~. 
s < s-'= 
P (total discounted eost) 
SP-1 
cost minimum curve 
Figure 4: Priee-Seeurity Trade-Off Curve 
s (total net 
oil imports) 
It can be seen in Figure 4 that enforced reduction of net 
oil imports below the PS-1 point in a scenario study will 
gradually increase the total diseounted system eost, beeause 
oil is substituted by more expensive teehnologies. Progres-
sively larger reduetions in oil imports will increase the 
system eost until a limit point is reached below which it is 
impossible to reduce oil imports. Below this point the 
exogenously specified energy demand could not be satisfied 
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for one or rnore dernand sub-sectors. This lirnit point is 
the SP-1 scenario. 
It is interesting to get seenarios for which a cornparison 
can be rnade arnong different countries. The intermediate 
points on the trade-off curve are defined by the slope ~ 
of the curve, i.e. by the marginal cost of S. The value 
of this is given by the dual value of the following con-
straint: 
Such intermediate points are obtained by rninirnising, in a 
first step, the objective function: 
p + 1\S 
and then by rninirnising, in a second step, the total dis-
counted systern cost under the constraint that S is not 
allowed to exceed the value obtained ·frorn the first step. 
This procedure perrnits a rneaningful aggregation of results 
for a group of countries. If two countries have different 
marginal costs for the security indicator S, the total cost 
for the group could be reduced without changing the total 
arnount of irnported oil for the group, by increasing the 
irnports of the country with the largest value for ~ and 
reducing the irnports of the one with the srnaller value of ~-
Accelerated seenarios 
These seenarios have the nurober 4 after the two capital 
letters. They are defined in the sarne way as unaccelerated 
seenarios except that a selection of new technologies (de-
pending on the scenario) have their dates of availability 
advanced by five years. Furtherrnore, sorne of these tech-
nologies (depending also on the scenario) have their possible 
irnplernentation levels increased. 
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Availability dates and implernentation levels used for 
both kinds of seenarios are discussed in more detail in 
section 4.5 of this report. 
Sensitivity case seenarios 
The sensitivity case seenarios differ from the others by 
making different assumptions concerning some or all of: 
the imported oil price schedule, the imported hard coal 
price schedule, limitations on nuclear power, and limita-
tions on the availability of fossil energy carriers. 
The RP-4 scenario is defined in the same way as PS-4, but 
with technologies using renewable energy at their highest 
irnplementation levels. 
The parti,cipating countries were divi:ded into two groups. In 
accordance with the instructions received from Mr. R. Williamson 
(USA, DOE), Chairman of the IEA Steering Group on Energy R,D & 
Systems Analysis (1), the Phase A countries (Germany, Japan, 
Sweden, USA and the United Kingdom) have computed the sixteen 
seenarios included in the list shown in Figure 5. The Phase B 
countries (Austria, Belgium, Canada, Denmark, Ireland, Italy, New 
Zealand, Norway, Spain and Switzerland) have run a minirnum of eight 
seenarios (the ones marked with an asterisk in Figure 5), as 
decided in the 10th Steering Group Meeting (Stockholm, July 1979). 
Besides these eight scenarios, two additional ones are presented 
in the present Spanish report; the PS-1/LIM NUC and PS-1/COAL C 
seenarios (the last one does not appear in Figure 5, but has been 
computed because of the important role played by imported hard 
coal'in the Spanish energy system (see section 5)). 
A list of the seenarios presented in this report can be seen in 
Table 2. 
(1) R. Williamson,: Memorandum for Steering Grrup on Energy Systems Analysis, 
Cases to be used in Sensitivity Analysis, February 13th, 1979. 
R. Williamson: Manorandum for Steering Group on Energy Systems Analysis, 
Cases to be used in Sensitivity Analysis, April 17th, 1979. 
.§" 
~ 
I ~ ,o 
"...; ~ 
~~ ~~ v'L~ ~ 0 .:::;~ f ~ 
PS-1 * --------------~ * 
Nuclear ci FosSil Nuclear< 65 "'o PS-1/UM NÜC Constraint 
\Fossil < 65 'Vo ., PS-1/ LIM FOS o".· 
"'c Lower !ll Price PS -1 1 Oll A ~>~'1-.Q· PS-1 I Oll C '* ~ 
"' Constraint ot 0.5 $1G J SP- 1 1 0 '5 
-:) ~ Constroint ot 1.0 $1GJ SP-1 11.0 * ~~ 





~------~.:;;;:::::::::::_ Nuclear or Fossil 





Fossil < 65% 
SP-L./1.0 UM NUC 







Lower Oil Price SP- 4/l 0 Oll A 
, Higher Oil PrK:e _. SP- L./1 0 Oll C 
RP-L. * 
Figure 5 : Scenario Overview 
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- Reference scenario. Cost minimisation 
- Cost minimisation at extreme level of oil 
import reduction. 
- Cost minimisation at level of oil import reduc-
tion of $ 1.0/GJ shadow price of security indi-
cator. 
- The reference scenario with the oil price 
sched ule C. 
- The reference scenario with the coal price 
schedule C. 
The reference scenario with total nuclear 
energy constrained to 65% of that for the 
reference scenario. 
b) Accelerated case runs 




- As for SP-1/1.0 with acceleration level 4. 
- Total fossil resource use constrained to 80% 
of that from the PS-4 scenario. 
- As for PS-4 with the technologies which use 
renewable energy implemented at their highest 
levels. 
Table 2: List of Computed Scenarios 
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4. MODEL INPUT DATA 
4.1 Objective Function 
As explained in the preceeding sections, two or more objective 
functions can be applied sequentially. Examples of objective 
functions which can be used are: minimise total system cost, min-
imise oil imports, minimise use of fossil fuels, etc. 
4.2 Supply and Prices of Primary Energy 
4.2.1 Coal 
a) Hard Coal 
The Spanish hard coal resources have been estimated to be 
approximately 1850 MTCE. Domestic extraction is not suffi-
cient to cover the demand, and therefore the price of 
imported hard coal plays an important role in the Spanish 
Energy System. Moreover, the price of domestic coal is 
much higher than the international one. However, lower 
bounds have been implemented for political reasons. For 
the first two time periods, the guidelines contained in the 
Spanish Energy Plan, which was approved last summer by the 
Spanish Parliament, have been taken into account. The 
price for imported hard coal is assumed to increase 2% per 
year, except for the PS-1/COAL C scenario, which assumes 
an increase of 3% (see Figure 7). 
b) Brown Coal 
Total domestic reserves of this resource are approximately 
630 MTCE, and two different classes of brown coal are dis-
tinguished. It has been assumed that one class will be 
exhausted by the year 2005. Until now, brown coal has only 
been used for electricity generation, but the model output 
shows that, in future, brown coal is used for both electri-
city and synthetic fuels production. 
Imported brown coal has not been considered in this study. 
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4 . 2 . 2 Cr ud e o i 1 
Domestic crude oil reserves have been estimated at about 70 MTCE, 
considering only the oil fields actually in exploitation. Taking 
into account the amount of oil which is presently extracted from 
these fields, domestic oil has been assumed to be exhausted by 
the year 1990. 
Imported oil comes mainly from several Arabian countries. Assumed 
prices for imported oil are shown in Figure 6. The standard price 
schedule applied to most seenarios is schedule B, and price sche-
dules A and C are used for sensitivity cases only. These oil 
price assumptions have been given by the IEA Steering Group on 
RD&D Strategy (Document IEA/CRD/M(78)1), starting with $( 77 ) 
13. 0/bbl for 1977 FOB Persian Gulf. For CIF prices a t ~.Vestern 
European harbours, $( 75 ) 0.3/GJ transportation costs have been added. 
4.2.3 Naturalgas 
Domestic availability of natural gas is also very low. It has 
been calculated in the same way as for crude oil, with reserves 
being depleted at approximately the same time. The assumed price 
for imported natural gas is shown in Figure 7. It has been calcu-
lated by assuming that the price of imported natural gas will re-
main at 0.8 times that of imported crude oil. 
4. 2. 4 Uranium 
Total domestic reserves have been estimated at about 60,000 T, 
available as enriched uranium. Yearly mining is assumed to grow 
until the year 2010 and to decrease afterwards. The bounds have 
been implemented taking into account existing fields only and 
because of this the domestic production dedreases after the year 
2010. Outputs from the model show that domestic production is 
not enough to cover the demand because the installed capacity of 
nuclear power plants becomes very large in almost all scenarios. 
The assumed price for imported natural uranium can be seen in 
Figure 7. The price is estimated to increase at 3% per year. 
4.2.5 Renewables 




Imported ·crude Oil Price 
($75/GJ) 1980 1990 2000 2010 2d20 
-
Schedule A ·2.36 2.85 3.16 3.65 3.96 
Schedule B 2.36 2.85 4.28 5.71 7.46 














1980 1990 2000 2010 2020 
Figure 6 Oi1 Prices 
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Prices of N•"l tural Gas, Hurd Coal, Natural Uranium 
($75/GJ) 1980 1990 2000· 2010 2020 
- -
·Imported Natural Gas 
(Pipeline + LNG) 1.88 2.28 3.42 4.56 5.97 
Imported Hard Coa1 1.30 1.52 1.86 2.26 2.76 
Dom~stic Hard Coal 2. 50 3.08 4.79 6.49 8.81 
Import. Hard Coal Schedule c 1. 30· 1.75 2 .. 35 3.16 4.24 
Imported Natural Uranium 0'.104 0.128 0.200 0 .. 272 0.360 
( $.7 5 I Gramme) 
$7S"GJ 






~· /" __.. ...- r:.:ORTED 
~ ..,.... HARD COAL 
_/"' . ...,.". ...,.". ".... ""· S<;HED~~E C 
_ .. ~ . __,.. __ ._.... 
__ - _ .. .--· .-~~.-- • lmported 
- -·--· C I _ -- --~~--.. oa 
_.., ___ __ . • lffllllll1lllllM~ • 
~·- ' 
-
1970 1980 1990 2000 2010 a 2020 
Figure 7 Fuel Prices 
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The average hydroelectric production of the Spanish hydropower 
system is, at present, in the neighbourhood of 36.000 GWh. In-
stalled capacity has been continuously increased during the last 
fifteen years and is, at the present time, about 13.500 MW. 
Tables 3 and 4 show the evolution of electricity generation and 
installed capacity of electric power plants for the last thirteen 
years. Naturally, the structure of generation is influenced by 
the hydrology of the corresponding year. 
4.3 Demand Data 




- Non-energy use 
- Residential and cornmercial 
Each sector has been sub-divided into the following sub-sectors: 
- Industry 
- Transportation 
- Residential and 
cornmercial 
- Non-energy use 
Iron and steel industry 
Other industry 
Road tr anspart 
Rail, air and ship transport 
Space heating, 
single family dwellings 
Spac e hea ting, 
multi-family dwellings 
Warm water, all users 
Lighting and appliances, all users 
Non-energy use 
This classification has been made taking into accüunt the avail-
ability and degree of disaggregation of numerical data. 
For industry, fransportation and non-energy use sectors, the demand 
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FROM HYDRQEI.FC FRCM FOSSIL FROM NtCLEAR. TOTAL TRIC PatmR: PLAl."'fi's PCmER PIANTS PCWER PLANTS 
YEAR 
10 6 kWh % 10 6 kWh % 10 6 kWh % 10 6 kWh % 
1966· 27278 72 . 10421 28 
- - . 37 699 100 
1967 22680 ·56 17957 44 
- - 40637 100 
1968 24428 53 21366 47 57 
- 45851 100 
1969 30691 59 20604 40 829 L 52124 100 
1970 27959 49 27608 49 923 2 56490 100 
1971 32747 52 27246 44. 2523 4 62516 100 
1972 36458 53 27695 40 4751 7 6 8904 ·100 
1973 29524 39 4'0203 53 6545 9 .76272 :100 
1974 31347 39 42285 52 7225 9 80857 ·100 
1975 26448 32 48490 59 7544 9 82482 100 
1976 22508 25 60759 67 7555 8 90822 100 
1977 40742 43 46537 50 6525 7 93804 :100. 
19 78 4.1625. .. 42 50071 50 . 7649 8 99345 100 
















HYDROELECTRIC FOSSIL POWER NUCLEAR POWER 
POWER PLANTS PLANTS PLANTS 
' 7680 3457 -
8227 4671 -
8543 5292 153 
9335 6165 153 
10883 6888 153 
11057 7403 613 
11136 9615 1120 
11470 10617 1120 
11841 11376 1120 
11954 12393 1120 
12497 -12 974: 1120 
13096 13334 1120 
13504 13573 1120 
TABLE 4. INSTALLED CAPACITY OF 
SPANISH POWER PLANTS (MW) 















has been specified in terms of final energy, and for the residen-
tial and commercial sectors in terms of useful energy. This 
method was adopted because of the difficulty in estimating the 
efficiencies for the considerable number of industrial processes. 
Moreover, the efficiencies of internal combustion engines used 
for transportation are not constant, depending among other factors 
on the engine r.p.m. Rail, air and ship transport have been con-
sidered tagether because it is not logical to allow competition 
between them (for example, it is not always possible to transport 
goods between two points by choosing betweeen rail, ship or plane 
if one point is not si tua ted on the coast, in the case of ship trans-
port, or has no airport, in the case of air transport). In addi-
tion, a jet uses only herosene while a train can run on either 
diesel, or electricity, if the line is electrified. 
The plot given in Figure 8 shows the projections for the demand 
sectors. Numerical values can be seen in Table 5. 
4.4 Technology Data 
The MARKAL model makes an optimisation according to a specific 
objective function and constraints and selects a certain technology 
mix from all the options available in the data base. 
The technology input data supplied by the user must adequately 
reflect the present situation of a country, and must also include 
data concerning new technologies. 
The technology input data applied to scenario computations has 
been collected by the IEA Systems Analysis Staff (1). Therefore, 
according to the guidelines and instructions of the IEA Steering 
Group on Energy RD&D Systems Development, the national data sets 
(1) - Technology Review Repart, revisErl, IEA Systems Analysis Project, September 
197 9 (currently being correctErl for final Edition) . 
- Technology Da.ta Handbook, IEA Systems Analysis Project at Jülich, 
September 1979 (currently being completed and revisEd for final Erlition). 
























H1BLE 19 I USEFUL ENERGY 
1985 1990 1995 
IOB9·B 1235.4 I 367 .t 
264·. 7 289 ·' 319.3 
628·0 9!9.6 1ooo.o 
214.7 243.2 266.0 
2397.2 2687.5 2960.4 
CUNULRTIVE GRnPH 
1985 1990 1995 
Figure 8 
B'' SECTORS IPJ/YRJ 
zooo ZOOS 2010 2015 2020 LINE CODE 
1soz.z 1616·2 1738.2 1879.2 2015.2 I - INOUSTRY 
348.0 :n5.s 398.9 422.6 445.5 2 - RES FIND COMN 
1078.2 1144.8 1207.13 1256.4 1301 .4 3 - TRANSPORTAliON 
290.7 305.9 321 ·I 336.2 355.3 4 - NON ENERGY USE 
3219 .J 3442.4 3666.0 3896.4 4117.4 1111111111 T 0 T A L ""'um 
TRANSPORTAT ION 
INOUSTRY 




























Cement Other Tota-l 
. . . . . . . ' . 
114 491 959 
125 561 1090 
132 640 1235 
112 726 1367 
99 807 1502 
90 870 1616 
88 935 1738 
88 998 1879 
88 1054 '2015 
. . 
- --- ----
TRANSPORT~TION SECTOR .. RESJDENTIAL &~OMMERCIAL SECTOR 
A.f.;r Roa.d Other TDta,l ~pace ~pp,ce warm: Other Total 
. . . - .... ............... Hig;.~ Ht. :XX water . ..... g ·-
55 43'2 125 612 32 .. 84' . 52. 152 320 
71 512 125 708 38 100 62 171 371 
I 
79 583, 125 787 44 116 71 187 418 
-94 640 125 859 50 133 79 203 465 
101 694 125 920 56 149 87 218 510 
118 737 125 980 60 164 95 232 551 
124 783 125 1032 64 179 102 246 591 
129. 819 125 1073 68 192 108 258 626 
145 846 125 1116 71 - 205 113 270 659 
. . . . ~ . . . . . - . -.- .... - .. . - ........ 
------- --------~--~ 
TABLE 5. FINAL DEMAND PROJECTIONS 




















for all countries participating in the project are based on cornmon 
ground rules. The ground rules are outlined at the end of this 
sub-section. 
The MARKAL model requires that each technology be described by 
the following set of quantitative data elements: 




Time period of commercial availability. 
Technical lif~time. 
Availability factor. Fraction of year during 
which the plant is available, that is one minus 
scheduled maintenance (AF can vary with the 
season and time of day) . 
EFF Efficiency (total output divided by total input) 
For coupled production plants, whdch produce both 
electricity and heat, additional data elements are 
required in order to specify the fraction of the out-
put energy which is electricity. For a pass-out tur-
bine system the additional data required are: 
CEH Ratio of electricity lost to useful heat 
gained. 
ECM Maximum value of the ratio of electricity lost 
to heat gained. 
For a back-pressure turbine the additional datum is: 
REH Ratio of electricity production to heat produc-
tion. 
In a back-pressure turbine system it is not possible 
to vary the ratio of electricity production to heat 
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production. However, in a pass-out turbine system, 
the ratio can be varied to meet the particular re-
quirements for electricity and heat. 
Process systems (i.e .. non-electric and non-district 
heating technologies) require the following data: 
INP (ENC) 
OUT (ENC) 
These two pararneters specify the frac-
tional input and output of each energy 
carrier. The efficiency is the sum of 
outputs divided by the surn of inputs. 
The following data elernents are optional: 
RESID Existing technologies require additional 
data elements which specify the capacity 
existing at the starting time (1980) which 
is available in each time period. 





Total capital investment costs per unit 
of capacity. 
Fixed annual operating and maintenance 
costs. 
Variable annual operating and maintenance 
costs. 
Delivery cost of fuels to the respective 
technology (optional) . 
For the cornpilation of technology data the following set of ground 
rules has been observed: 
- All costs are expressed in constant 1975 US dollars. 
Costs originally expressed in other currencies have been 
deflated to 1975 according to national inflation rates and 
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converted to dollars at 1975 average exchange rates. In 
a few cases (not applicable to Spain) , adjustrnents were 
required to take into account currency revaluations. 
- Capital investrnent costs include interest during construc-
tion. A discount rate of 6% per annurn in real terrns has 
been used. 
- Capital costs are referred to the output of conversion 
technologies (for instance $/kWe net electrical output for 
electric power plants) and to input capacities for pro-
cesses (for instance $/GJ/year input crude oil to refin-
eries). 
- Taxes, subsidies and profits have not been included in the 
capital and operating cost calculations, because they have 
been considered as country-dependent iterns. This rule 
does not apply to incentives affered for expert. 
- Fixed operating and rnaintenance costs (FIXOM) include in-
surance prerniurns and other specified real expenses (exclud-
ing taxes) required by law in the individual countries 
(for exarnple, payrnents for waste disposal or decammis-
sioning). 
- Capacities are expressed in units of gigawatts net elec-
trical output (GWe) for electric systerns and peta-joules 
( 101 5 j oules) per year for non-electr ic systerns. 
- Energy flows are expressed in units of peta-joules per 
year unless otherwise noted. 
The energy content of energy carriers (coal, gas, and oil-
based fuels) are expressed in terms of net calorific value 
which rneans that the heat of condensation of water produced 
during cornbustion is not included in the calorific content 
of the fuel. 
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- Efficiencies are understood to be net efficiencies. 
- The contribution of nuclear and renewable systems to 
total primary energy is calculated as fossil fuel equiva-
lent (FEQ), which is the fossil fuel that would have been 
consumed to supply the same services. Numerical values 
adopted for FEQ for electricity production systems are 
listed in Table B2, page 103, of OECD's World Energy Out-
look, 1977, for the years 1980 and 1985. The physical 
efficiencies for nuclear and renewable systems do not 
enter the calculations of the model except for calculat-
ing net heat release to the environment (which has been 
omitted up to now). 
4.5 Constraints 
4.5.1 Primary energy 
a) Domestic 
It has already been i~dicated that, for social reasons, lower 
bounds have been established for domestic fossil primary 
energy supply. 
For all seenarios it has been assumed that hydropower poten-
tial available in each time period is fully exploited. 
b) Imports 
In general, primary energy imports are unconstrained. The 
first two time periods, in which lower bounds have been im-
plemented according to the guidelines contained in the Energy 
Program of the Spanish Government, are exceptions. These 
guideli'nes for imports refer to natural gas, oil and hard 
coal. 
4.5.2 Electricity production 
In the above-mentioned Energy Program, regulations are contained 
which prohibit the construction of new oil power plants, except 
for small diesel plants which are the only option in some cases, 
for example for some islands in the Canary and Balear archipelago. 
The decisions already adopted by the Spanish Parliament concerning 
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new plants currently planned or under construction have also been 
adhered to. These refer mainly to nuclear power plants and fossil 
power plants using hard coal and domestic brown coal. 
4.5.3 Conservation 
The Energy Program contains specifications about heat transmission 
losses in new buildings. These have also been taken into account. 
4.5.4 Constraints on implementation of new technologies 
In this sub-sector it is briefly discussed why new technologies 
must be constrained and at which level the respective constraints 
have been implemented. 
Figure 9 shows an example of the inputs required for one demand 
sector during the whole time span. For this demand sector the 
exogenously-given demand for useful energy is satisfied for each 
time period. 
At the beginning of the scenario time frame, the existing stocks 
of dernand devices must be taken into account. These stocks grad-
ually disappear as they become obsolete. They must be exogenous-
ly given by the user and are called existing mix. 
As can be seen in Figure 9, for each time period, the difference 
between the total demand and the declining existing mix is satis-
fied by MARKAL with an optimal mix of technologies which is selec-
ted from the options available in the data base. 
It is then necessary to implement bounds for these options because 
otherwise the model would choose the cheapest available option 
(if the objective function is the total system cost) and would 
satisfy the entire difference between demand and existing mix 
using that option only. Therefore an unrealistic solution would 
be obtained because even though, for. example, the cheapest option 
for space heating is solar, it is not logical that all the space 
heating demand of a country be satisfied by solar space heating. 
Insolation levels depend on location and also weather, season and 
time of day. 
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CUMULA TIVE GRAPH 
ACTIVITY 500 






1980 1 85 
A, B, C, D ••••• 
1990 1995 2000 2005 2010 
Activities of technologies chosen by 
MARKAL to cover the demand 




Other constraints are of a technical nature. For exarnple, it 
rnust be specified that washing rnachines consume electricity, 
otherwise the rnodel could choose diesel rnotors to run thern! 
The constraints for all new technologies considered in this study 









Constraints on investrnent 
Constraints on total capacity 
For unaccelerated seenarios 
For accelerated seenarios 
TABI.E 6 • o::NSTRAINTS 00 IMPLEMENI'ATICN OF NEW 'I'ECHNOICGIES 
~.RKAL 'l'.ECHNOIDGY STARr TYPE OF UNIT 1980 1985 1990 1995 2000 2005 2010 2015 2020 
())OE YEAR OOUND 
R2A Space heating sing1e 1990 U IBCNDUP PJ/PER - - 6 6 6 6 6 6 6 
fami1y dwe1ling, 1985 A IBCNDUP PJ/PER - 4 6 8 9 9 10 10 10 
electric heat purrp 
R2B Space heating sing1e 1990 u J..BCtiDJP PJ/PER - - 3 3 3 3 3 3 3 
fami1y dwe11ing, 1985 A IBCtiDJP PJ/PER - 3 5 5 5 5 5 5. 5 
gas heat J2UITp 
R2D Space heating single 1980 U IBOODUP PJ/PER 1 3 5 10 10 10 10 10 10 
farr~1y dwe11ing, 1980 A IBCNDUP PJ/PER 1 3 6 10 12 14 16 18 20 
solar 
R5D Wann water al1 users, 1980 u :IBCNDUP PJ/PER 1 3 8 15 17 18 20 20 20 I 
solar 1980 A IBa:IDOP PJ/PER 1 5 10 16 20 22 25 30 30 w CXl 
i 
RrA Space heating multi- 1990 U IBCNOOP PJ/PER - - 9 9 9 9 9 9 10 
family dwelling, 1985 A Il3CliDUP PJ/PER - 1 10 10 12 12 14 16 16 
electric heat pump 
-·--
Rl'B Space heating multi- 1990 U IBONOOP PJ/PER - - 3.5 3.5 3.5 3.5 3.5 3.5 3.5 
family dwelling, 1985 A IBClNIXJP PJ/PER - - 1 5 5 5 5 5 5 5 
gas heat pump 
TB~ Road transp::>rt, 1990 U BOUNOOP PJ - - 0.8 1.5 4.4 7 .. 5 15 24 30 
electric 1985 A BOONDUP PJ - 1 5 10 15 20 30 40 45 
T8V Road transport, 1995 U BOUNDUP PJ - - - 0.3 1.5 3 5 9 15 
hydrogen 1990 A BCUNIJJP PJ - - 0.5 3 5 10 15 20 25 
$0I Hard coal··Lurgi 1990 u mcrn:uP PJ/PER - - 15 60 80 90 90 100 100 
gasification 1985 A IBCNDUP PJ/PER - 25 40 75 90 110 110 130 130 
~2 Hard coal to 1995 U IBONOOP PJ/PER - - 15 60 80 90 90 100 
rredi um B'IU gas 1990 u IBONlXlP PJ/PER - - 25 70 100 120 140 140 150 
TABLE 6. a:::tJSTRAlliTS CN IMPLEMENrATICN OE NEW TE01NOI.CGIES - a:Nl'lNUED 
HARKAL T.EUINQ:u:x;y STARr TYPE OF UNIT 1980 1985 1990 1995 2(0) 2005 2010 2015 2020 
OODE YEAR ID .. iND 
S\M Hard coal Lurgi 1995 u IBC:UXJP PJ/PER - - - 3 10 15 20 25 30 
gasification and 1990 A IBC.l'IDUP PJ/PER - - 3 ·10 20 30 40 40 50 
rrethanol J2roduction 
~ Hard roal nuc1ear 1995 u 1l3CtiDUP PJ/PER. - - - 20 -55 80 110 110 110 
hydrogasification 1995 A IBONDUP PJ/PER I - - - 30 70 100 130 130 130 
~ Hard coal nuclear 1995 u If3Ct:JIUP PJ/PER - - - 20 55 80 110 110 110 
steam gasification 1995 A IBCNDUP PJ/PER - - - 30. 70 100 130 130 130 
plant 
s~ Hard coa.l 1995 u IBC:NDUP PJ/PER - - - 20 55 80 110 110 110 
1iquefaction- 1990 A 1J3CM)(JP PJ/PER - - 20 50 80 110 140 150 150 
hydrogenation I 




SftjG Hard coal 1995 U IBCNOOP PJ/PER - - - 15 40 60 80 80 80 
1iquefaction 1990 A IBCtiDUP PJ/PER - - 25 50 80 100 100 120 120 
Fischer-Tropsch 
SH Brown OJa1 Lurgi 1990 U IBCNDUP PJ/PER - - 10 15 40 60 80 80 80 
gasificat.ion 1985 A I:BaiDUP PJ/PER - 10 25 5o 80 100 100 120 120 
S1A Brown ooal nuc1ear 1995 u 1I3Q:IDUP PJ/PER - - - 20 55 80 110 110 110 
hydrpqasification 1995 A IElCliDUP PJ/PER - - - 30 70 100 130 130 130 
s~ Hydrogen production 1990 U :rBCNDUP PJ/PER - - 4 10 10 10 10. 10 10 
frcm water 1985 A :rn:N)UP PJ/PER - 6 10 15 15 15 15 15 15 
e1ectrolysis 
~ Hard · coal in situ 1990 U IBOODUP GV/PER -- - 0.15 0.32 0.32 0.32 0.32 0.32 0.32 
gasification for 1990 A lB)Nl)UP GW/PER - - 0.15 0.32 0.5 0.5 0.5 0.5 0.5 
electrici ty 
production 
TABLE 6 • a:NSTRA.rnTS CN llviPLEMENTATICN OF NEW 'l'EOINO.I.ffiiES - CCNI'INUED 
MlillKAL TECHNor..a:;y STARr TYPE OF UNIT 1980 1985 1990 1995 2000 2005 2010 2015 2020 
CODE YEAR BOUND 
E25 HTR nuclear J?OWer 2000 u IBCliDOP GW/PER - - - - 0.5 1 1 2 3 
plant 1995 A IBCI'IDJP GW/PER - - - 0.2 0.7 1.2 1.2 2.5 4 
E26 IMFBR nuclear 2000 u :r:BCNJOP GW/PER - - - - 0.5 1 1.2 1.5 2 
power plant 1995 A IBC.NDUP GW/PER - - - 0.2 0.7 1.2 1.5 1.8 2.4 
E28 Fusion electric 2025 u 
pov1er Elant ·2025 A 
E94 Gas fuel cell. 1990 u l:BCNOOP GJ/PER - - 0.2 1 1 1 2 2 2 
electric·•·· 1990 A I.I3CNDUP GW/PER - - 0.2 1 1 1 2 3 3 
E4B Dispersed solar 1990 u :maiDUP GW/PER - - . 0.2 0.2 0.25 0.5 0. 75 1.25 1.5 I *"'" fhQ_i:Q-eJ~9=fi~ .. _____ 1929_ A JB(N)UP GW/PER - - 0.2 0.4 0.5 1 1 1.5 2 0 
--~------· I 
E34 Central solar 1995 u IBC'NIUP GW/PER - - - 0.1 0.1 0.2 0.5 0.6 1.3 . 
thennal electric 1995 A D30NDUP GV/PER - - - 0.15 0.20 0.50 1 1.5 2 
~ Hard coal 1990 u I.I3(N)UP PJ/PER - . - 0~5 1 1 1 1 1 1 




The different scenario types have already been defined in section 
3 of this report, as well as the trade-off curve concept. 
The long time span considered and the large nurober of different 
technologies to be analysed generate a large arnount of inforrna-
tion. It is difficult to display the results in a condensed form. 
In sub-section 5.1 the trade-off curve and its corresponding 
values are shown. In sub-section 5.2 a single scenario report 
presents the following iterns for each scenario: 
- Prirnary Energy by Fuel 
- Final Energy by Fuel 
- Electricity Production by Technology 
In sub-section 5.3 each particular itern is shown on one page for 
all scenarios. 
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5.1 Trade=Off Curve 
The following table shows, for each scenario, the values of total 
systern cost and total arnount of irnported oil. The trade-off 
curve, referring to the PS-1 scenario (base case) is shown in 
Figure 10. 
EHADCW' FRICE OF 
SCENARIO 'IDTAL SYSTEM 'IOTAL NET on. SECURITY 
COST (M$) IMPORT (PJ) INDICA'IOR ($/GJ) 
PS-1 319861.9 78330.1 
PS-1/0IL c 337629.7 75973.5 
SP-1 ( $1 .0/GJ) 321138.3 74144.4 1.09 
SP-1 <II 322333.7 7.3400.7 6.35 
PS-4 318924.7 79046.9 
SP-4 ($1.0/GJ) 321012.9 71202. 8· 0.99 
SP-4/LIM FOS 381122.4 84128.1 
RP-4 323915.2 78175.7 
PS-1/COAL c 323906.8 80811.2 
PS-1/LIM NUC 324974.7 78472.2 
JO<;·---






Figure 10: Cost-Security Trade-Off Curve 














'~P-4/$ 1. 0 






I TOTAL NET OIL 
9
:
8 ~ :" I I I I I I I I I i I I IM~T I ~! 9/ 92 9.3' 94 95 9S 97 98 99 · !QO /0/ 102 /0.3' !01-
o/o ~ 
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5.2 Overview of Scenarios 
The following tables and the corresponding graphs show the compo-
sition of: 
- Primary Energy by Fuel 
- Final Energy by Fuel 
- Electricity Production by Technology 
for all the considered scenarios. 
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SINGLE SCENARIO FOR SPRIN RUN TSPIOM 
TRBLE 21 PRIMARY ENERGY BY FUEL I PJ/YR J 
1980 1965 1990 1995 2000 2005 
1969.0 1eao.s 1863·2 1916.6 1823.3 t6e9.6 
384.0 572·1 799.5 986.9 1157" 1419.5 r-- 131 .4 170.0 176 .o 185.3 196.6 204 .I 
120.3 180.3 180.7 138.9 81 .s 52.4 
124.5 404.7 607.0 774-1 1208.6 1490.7 
326·0 338.9 347·8 398.3 419.7 440.0 














1980 1985 1990 1995 2000 ZOOS 




















2020 UNE CODE 
1571.7 I - OlL 
2062.5 2 - HARO COIR 
120.7 3 - 8ROHN COAl 
o.o 4 - GAS 
2125.4 6 - NUCLEAR 
467.9 6 - RENEHABLES 




































ENERGY BY FUEL I f'J/YR I 
1995 2000 2005 
643.5 613.8 971.7 
1669.4 1612·8 1525.2 
191.5 227·3 321 .a 
522.0 505.7 664.2 
o.o o.o o.o 
o.o o.o o.o 
31.4 45.4 51.6 
3057.8 3305.0 ..3524 .5 
LIQUID FUELS 
SCENARIOt PS-I ORTEt 11/11179 
2010 2015 2020 LI NE CODE 
1141 ·4 1232.2 1317.3 I - COAL ANO COKE 
1467.2 1511 .s 1565.0 2 - LIQUID FUEL5 
392.7 432·2 472.0 3 - GAS I INCL. HYOROGENI 
699.2 748.9 796.7 4 - ELECTRICJTY 
o.o o.o o.o 5 - PROCESS HEAT 
o.o o.o o.o 6 - OISTRICT HEllT 
51.6 49.2 47.5 7 - RENENRilLE ENERGY 
3742 ·1 3974.1 4198.5 mmmum T 0 T A L mmmmm 
<----------------- -----RENENABLE ENERGY ELECTRICITY 
CORL RND COKE 
o~~~~~~~~~~~~~~~~~~~~~rT~rT~rT~ 




SINGlE SCENARIO FOR SPAIN RUN TSI'IOM 
TRBlE 81 ElECTRICITY PRODUC Tl ON lPJ/YR l 
1980 1905 1990 1995 2000 2005 
99.0 sa.8 38·9 40.3 22 .. 14. I 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
42.5 so.a 57.3 53.0 41 .s 33·2 
49 .J 67-1 65.5 go.o 60.2 70·4 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
o.o o.o Q.Q o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
jlo3 134·3 201 .4 247.2 342.7 359·3 
o.o o.o o.o 3.2 23·2 57·6 
o.o o.o o.o o.o 11·1 33·3 
114 .J 116.9 116.7 128.8 131.8 136-9 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o 
-0·4 -0 0 -0·9 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o. 




























































DATE I 11/11179 
2020 L.INE CODE 
4 '2 I - Oll STER11 
o.o 2 - FOSSil GAS TURBINE 
o.o 3 • FOSSil COGENERRTION 
I .7 4 - BCO STERt! 
14.4 5 - HCO STER11 
22.7 6 - HCO COfiBINED CYCLE 
o.o 7 - HCO "HO 
o.o 8 - HCO F'LUIDI2ED BED 
18.5 9 - HCO IN SITU GJ:ISIF 
o.o Fl - GAS FUEI. CEI.I. 
2!15.5 8 • L.WR 
206.6 c • HTR 
137.4 0 - 1.11f'BR 
140.1 E • CONV. HYDROELECTRIC 
5.6 F • SOI.AR THERMAL EI.C 
-I .o G - PU111'ED STORAGE 
o.o H - IUNO CENTRAl 
o.o I - GEOTHERfiAI. HDR 
10.7 J - PHOTOVOI.TAIC DISP. 
854.4 ••••• T 0 T A L DDDUS 
PHOTOVOI.TAIC OISP. 
SOI.AR THERfiAI. EI.C 
HCO IN SITU GASIF 
~~RPeßMßf~~~GeYCI.E 
2020 























SPAIN RUN TS 11 OX SCENRR101 SP-11~1.0/GJI ORTE I 
TRBLE 21 PRIMRRY ENERGY llY FUEL IPJ/Till 
1985 1990 1995 2000 2005 2010 2015 2020 LI NE CODE 
1852.9 1769.9 1731 ·6 1654 ·2 1573.8 1468 ·2 1471 .6 1492.4 1 - OlL 
572.1 799·2 1017.2 1276.8 1592.3 2017·2 2152 .t 2235 .o 2 - HRRO CORL 
170.0 176.0 186.3 196.6 204.1 105.6 113 ·2 120.7 3 - BROWN COAL 
180.3 211 .o 206.3 124.8 29.1 o.o o.o o.o 4 - GAS 
404.7 682·0 904.8 1282.8 1537.4 1706.8 1945.5 2129.0 5 - NUCLERR 
340.8 347·8 392·2 414.4 435.7 443.7 461.4 467.2 6 - RENEWRBLES 
















































ENERGY 1!1 FUEL !PJ/YRl 
1995 2000 2005 
643.5 1!13·8 '971. 7 
1597.(1 1544.5 1604.5 
263 ·I 295·6 342.5 
522.D 605.7 654.2 
o.o o.o o.o 
o.o o.o o.D 
31·4 45·4 51.6 
3057.8 3305·0 3524 .s 
1995 2000 2005 
SCENARIO I SP-I!SI .0/GJl DATEI 11/11179 
2010 2015 
t 141 .4 1196 .e 
1457.2 ltill .6 
396.0 471 .2 
698.9 748.5 





COAL RNO CCJKE 
2010 2015 
YEAR 
2020 LI NE CODE 
12111 .8 1 - CCJFIL FIND COKE 
t565.o 2 - LIQUID FUELS 
507.6 3 -GAS ( !NCL. HYDROGEN) 
796.7 4 - ELECTRICITY 
o.o 5 - f'ROCESS HEAT 
o.o 6 - OISTRICT HEFIT 
47.5 7 - RENEHADLE ENERGY 
4198.6 amamu T 0 T A L mmmmm 
2020 
-so-
SINGlE SCENR~IO FO~ SPAIN RUN TSll OX 
TA EllE fil ELECTR I CITY PR0'1UCTION !PJ/YRJ 
1900 1906 1990 1995 2000 2005 
ss.o 48 .I 11.6 o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
42.5 55.3 57.3 52.9 41 .s 33.2 
49 ol 67.1 85.4 89.3 79.6 70.5 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
41 ·3 134.3 226.3 290.5 367.3 374.8 
o.o o.o o.o 3.2 23.2 57.8 
o.o o.o o.o o.o II .t 33.3 
114 ol 116.9 115.7 120·8 131 .a 136.9 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o -2.5 -2.6 -2·4 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o· 
346.0 421· 7 496.3 562.2 651 ,g 704 ·I 
CUI1ULAT IVE GRAPH 
900 
fJOO 









1900 1985 1990 1995 2000 2005 














































2020 LI NE CODE 
o.o - OlL STERI1 
o.o 2 - FOSSIL GAS TURBINE 
o.o 3 - FOSSIL COGENERRTION 
l .7 4 - BCO STERI1 
12·4 5 - HCO 5TERI1 
22·7 6 - HCO COI'IOINED CYCLE 
o.o 7 - HCO II HO 
o.o B - HCO FLU I OÜED BEO 
18.5 9 - HCO IN SJTU GASIF 
I .3 R - GAS FUEL CELL 
297·3 8 - LIIR 
200·8 c - JHR 
137.4 0 - LI1FBR 
148·3 E - CONV. HYOROELECTRIC 
9·9 F - SOLAR THERI'IAL ELC 
-I ·3 G - PUI'IPEO STORAGE 
o.o H - WIND CENTRAL 
o.o I - GEOTHERNAL HDR 
5·8 J - PHOTOVOLTRIC DISP. 
ll54·S ummuu T 0 T A L msmmu 
PHOTOVOLTRIC DISP. 
SOLAR THERMAL ELC 
2020 
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SINGLE SCENARIO FOR SPRIN RUN TS51011 
TABLE 21 PRII1RRY ENERGY "Y FUEL IPJ/YRI 
1900 1905 1990 1995 2000 2005 
1969.0 1769.0 1740.3 i 731.3 1652.6 1570.6 
3!14.0 572.1 799.6 1017 .s 1278.1 1592.4 
131 .4 170.0 176.0 186.3 196.6 204 ·1 
120.3 1!10.3 211 .o 206.3 124.8 29ol 
124.8 506.0 no.s 906.3 1Z90.5 1554.8 
326.0 338.7 344.0 392.3 414.9 437·2 










1980 1985 1990 1995 2000 ZOOS 
SCENAR I Cl I SP-1 DATEI 11/11179 
2010 2015 2020 LI NE CODE 
1463.0 1462.3 1476.8 I - OlL 
2006.7 2130·1 2215.0 2 - HARD COAL 
105.6 113·2 120.7 3 - ßROWN COI"'L 
o.o o.o o.o 4 - GAS 
1749.3 202 4. 3 2220.4 5 - NUCLERR 
444.7 463.4 468.8 6 - RENEWRBLES 
































5.9 l7 .4 





ENERGY BT FUEL I PJ/YR I 
1995 2000 2005 
643.5 !113 .o 971.7 
1597.5 1543.0 15Dl .5 
263.4 297 ·I 345.5 
522.0 605.7 654.2 
o.o o.o o.o 
o.o o.o o.o 
31 ·4 45.4 51 ,f.i 
3057.8 3305.0 3524.5 
1995 2DDD 2005 
SCENRR I 0 I SP·l 
2010 2015 
1141 . 4 1204.7 
1452.2 15D2·6 




49.2 46 oll 
3742.7 3974.13 
LIQUID FUELS 













ORTE I 11/11170 
LI NE CODE 
I - CORL AND COKE 
2 • LIQUID I'UELS 
3 ·GAS I INCL. HYDROGEN! 
4 - ELECTRICITY 
5 - PROCESS HEAT 
6 • OISTRICT HEAT 
7 - RENEWABLE ENERGY 
aamaa T 0 T A L aamam 
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SINGlE SCENARIO FOR SPAIH RUN TSSIOM SCENARIO• SP·I ORTE I 11/11179 
TRilLE 0 I ELECTRICITY PR0.1UCT I ON I PJ/YR l 
1980 1985 1990 1995 2000 2005 2010 2015 2020 LI NE CODE 
99.0 15·2 o.o o.o o.o o.o o.o o.o o.o I - OlL STEAM 
o.o o.o o.o o.o o.o o.o o.o o.o o.o 2 · FOSSIL GAS TURBINE 
o.o ·o.o o.o o.o o.o o.o o.o o.o o.o 3 - FOSSil COGENERATION 
42.5 55·3 57.J 52.9 41 .s 33·2 23.5 12.7 I. 7 4 - BCO STEAM 
49.1 57.! a5.s 89.4 oo.o 70.5 61 .. 37.(1 4.9 5 • HCO STEAH 
o.o o.o o.o Q.Q o.o o.o o;o o.o 22.7 5 • HCO COI181NED CYCLE 
o.o Q.Q o.o o.o o.o Q.Q Q.Q Q.Q o.o 7 • HCO l1HD 
o.o o.o o.o o.o o.o o.o o.o o.o o.o EI · HCO FLUIDI:ZED BED 
o.o o.o o.o o.o o.o o.o 6·2 12·3 18·5 9 · HCO IN 51 TU GASIF 
o.o o.o Q.Q o.o o.o o.o o.o 4.5 z.z R • GRS FUEL CELL 
41 .4 167.9 239.0 291 .o 369·9 3(10.6 382.8 380·1 329.0 
" 
· LHR 
o.o o.o o.o 3.2 23·2 57.8 89.6 136.3 200.0 c · HTR 
o.o o.o o.o o.o II .t 33.3 59.9 93 .. 137.4 D • Ll1FBR 
114.1 116·9 115.6 128.8 131 .8 136·9 138.4 146.6 148.2 E · CONV. HYOIIOELECTR I C 
o.o o.o o.o o.o o.o o.o o.o o.o 16.4 f • 50LRR THERMAL ELC 
o.o -0.7 ·I .3 -2.5 -2.5 -1·9 o.o -0.7 -0.7 G - PUHPED STORAGE 
o.o o.o o.o o.o o.o o.o o.o o.o o.o H - WIND. CENTRAL 
o.o o.o o.o o.o o.o o.o o.o o.o o.o I - GEOTHER11AL HOR 
o.o o.o o.o o.o o.o o.o o.o o.o 5.8 J - PHOTOVOLTFliC DISP. 
346 .J 421.7 496 .t 562.8 655.0 710·4 761 .s 822.7 086.1 aaama T 0 T A L mmmmm 
CUl1ULATIYE GIIAPH 
900 PHOYOYOLTAIC OISP. 














1980 1985 1990 1995 2000 :was 2010 2015 . 2020 
YEAR 






















SPfliN RUN TSP40N SCENARIO: PS-4 ORTEt 
TRBLE 2t PRINRRY ENERGY BY FUEL IPJ/YRI 
1985 1990 1995 2000 2005 2010 2015 2020 LI NE CODE 
1675.6 !864 .4 1911.8 1816.5 1662.6 1566.2 1633.2 1620.6 I - Oll 
572.1 799.6 990.8 1171 .2 1394·5 1706.2 1760. 1 1852.4 2 - HRRO COIR 
170.0 176.0 166.3 196.6 204. I 105.6 113.2 120.7 3 - ßROWN CORL 
100.3 177.5 119 .o 41 ,g o.o o.o o.o o.o 4 - GRS 
404.7 607.o 795 .t 1239-t 1550.8 1746.6 1955.7 2211 ·4 5 - NUCLERR 
340.4 349 .t 401 .9 425.2 449·2 454.4 475.1 474.7 6 - RENEHRBLES. 
3543.1 3973.6 4404.9 4692.5 5289·4 5603.0 5937.3 6279.6 BIIIBIIII T 0 T R L 










B/1 I 179 
lllltlllll 




















TABLE 4: FINAL 
1965 1990 
318·4 485.3 







C UMUUIT I VE GRAPH 
1985 1990 
RUN TSP40N 
























SCENRR l 01 PS-4 
2010 2015 






















LI NE CODE 
- CORL RNO COKE 
2 - LICUIO FUELS 
3 -GAS ( INCL. HYDROGEN I 
4 - ELECTR!CITY 
5 - PROCESS HEAT 
6 - OISTRICT HEAT 
7 - RENEWRBLE ENERGY 
sumam T 0 T A L smaae 
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SINGLE SCENARIO FOR SPAIN RUN TSP40N 
TABLE 8: ELECTRICITY PROOUCTION IPJ/YRI 
1980 1965 1990 1995 2000 2005 
99.0 57·3 41 " 41 .8 24.6 6.3 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
42.5 50.8 S7.3 53.0 40.9 33.2 
49 .( 67 .( 85.6 9o.o ao.9 70.4 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
41 ·3 134.3 201 .4 240.5 323 ,g, 338.4 
o.o o.o o.o 9.3 36.1 77.9 
o.o o.o o.o 4.4 20.0 46.6 
114 .( 116.9 115.7 128·6 131 .6 136.9 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o -0.2 -0.6 -0.7 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 




























































ORTE I 8/11179 
2020 LI NE CODE 
4 .9 1 - Oll STERN 
o.o 2 · FOSSIL GAS TURBINE 
o.o 3 - FOSSIL COGENERRTION 
o.o 4 · BCO STEAM 
14 .9 5 · HCO STERN 
o.o 6 - HCO COMB I NEO CYCLE 
o.o 7 - HCO HHO 
o.o 8 - HCO FLUIOIZEO BEO 
28.9 9 HCO IN SITU GRSIF 
1·1 R - GAS FUEL CELL 
217 •. 3 B · LHR 
260.4 c - HTR 
172 .g 0 - LMFBR 
147.9 E - CONV. HYOROELECTRIC 
5.6 F · SOLAR THERMAL ELC 
-I .o G - PUMPEO STORAGE 
o.o H - WIND CENTRRL 
o.o I - GEOTHERHRL HOR 
9.0 J · PHOTOVOLTRIC OISP. 
861 .9 111111111111 T 0 T A L 8111111111 
PHOTOVOLTAle OISP. 
SOLAR THERMAL ELC 
2020 

































41 FINAL ENEROY ßY FUEL 
1990 1996 2000 
4115.3 643.5 813.0 
16D3.5 1589.3 1533.9 
218.7 261 ·I 293.5 
462.4 625·9 SJI.o 
o.o o.o o.o 
o.o o.o o.o 
18·6 31.2 43.6 
2788.5 3051·0 3296.8 
GRRI'H 













SCENARIOI Sf'-41~1.0/GJI ORTE I 11/11179 
2010 2015 2020 LI NE CODE 
1141 .4 1207.6 1292.6 I - COAL AND COKE 
1442 ·2 1495.6 1550.0 2 - L!OUID FUELS 
382.8 469.2 490.5 3 -GAS IJNCL. HYOROGENI 
707.8 765·0 803.8 4 - ELECTRICITY 
o.o o.o o.o 5 - f'ROCESS HEAT 
'o.o o.o o.o 6 - OISTRJCT HERT 
~2.7 46 .t 49.2 7 - RENEWABLE ENERGY 
3726.9 3963.5 H86ol lilllllllillil T 0 T R l IIUIIIIIIIII§ 
<----------------- -----RENEWRBLE ENERGY ELECTR I CITY 
LIOUIO FUELS, 



























SPAI~ RUN TS410X SCENARIO: SP-41 $1.0/GJJ ORTEt 
fABLE Zt PRINARY ENERGY BY FUfL IPJ/YRJ 
19115 1990 1995 2000 2005 2010 2015 2020 LI NE COOf 
1955.3 1749.4 1692.6 1599·9 1490.0 1354.6 1347.1 1358.3 - Oll 
572. I 818.8 I 101.9 I 435 .t I 76 I. 4 2104.6 2326.7 2392.0 2 - HARO COAL 
170.0 176.0 166.3 196.6 204. I 105.6 I I 3. 2 120.7 3 - BROHN COAL 
160.3 205.0 174.9 59.9 o.o o.o o.o o.o 4 - GAS 
404.7 697.5 923.2 1317.9 1561.6 1706.1 1950.4 2132.2 5 - NUCLEAR 
342.2 349 ·I 393.5 414.5 436.4 444 ,g 462·0 466.4 6 - RENEHRBLES 














SINGLE SCENARIO FOR SPRIN RUN TS410X 
TRBLE IJI ElECTRICITY PROOUCTION IPJ/YRJ 
1980 1985 1990 1995 2000 2005 
99.0 49.4 o.z o.o a.o o.o 
o.o o.o o.o o.o a.o o.o 
o.o a.o o.a· o.o o.o o.o 
42.S 55.3 57.3 52.8 40.9 33.2 
49 .. 67 .. 85.4 so.o ao.o 70 .t 
o.o o.o o.o o.o o.o o.o 
a.o a.o a.o o.o a.o o.o 
a.o a.o o.o o.o o.o o.o 
a.o a.o o.o o.o o.o o.o 
o.o a.o o.o o.o o.o o.o 
41 .3 134.3 231 .4 263.0 360.0 358.7 
o.o a.o o.o 9.3 36 .t 67.3 
o.o a.o o.o 4.4 zo.o 46.6 
114 .t 116.9 115.7 120.6 131 .o 136.8 
o.o o.o o.o o.o a.o o.o 
o.o o.o o.o -z.o -z.o -I .s 
o.o a.o o.o o.o o.o o.o 
o.o o.o o.o o.o a.o o.o 
o.o a.o o.o o.o o.o o.o 









1980 1905 1990 1995 2000 ZOOS 














































2020 LI NE CODE 
o.o I - Oll STEAH 
o.o 2 - FOSSil GAS TURBINE 
o.o 3 - FOSSil COGfNERRTION 
o.o 4 - BCO STEAH 
14 .Q 5 - HCO STERH 
o.o 6 - HCO COHBINED CYCLE 
o.o 7 - HCO l1HO 
Q.!J 8 - HCO FLUIOIZEIJ BEO 
211.9 9 - HCO IN SITU GRSIF 
2.( A - GR5 FUEL CELL 
229.5 6 - LWR 
239·2 c - HTR 
172.9 0 - Ll1FBR 
1411.0 E - CONV • HYOROELECTRIC 
19.1! F - SOLAR THERHAL ELC 
-I .3 G - PUI1PEO STORAGE 




7.8 J - PHOTOYOLTRIC OISP. 
881.9 ••••• T 0 T A L BBMBB 
PHOTOYOLTAIC OISP. 
SOLAR THERHAL ELC 
2020 
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SINGLE SCENARIO FOR SPAIN RUN TSPICH 






























CUHUUH IVE GRAPH 
1985 1990 
1995 2000 2006 
1796.6 1566.8 1600·1 
1006.4 1230.0 1494.6 
186.3 196.6 204 ·I 
209.7 139.9 60.7 
621 .o 1282.8 1537.5 
399.4 414 .4 435.7 
4421·6 4930.5 5332.7 
1995 2000 2005 




















2020 LI NE CODE 
1571.7 I - Oll 
2062.4 2 - HRRO CORl 
120.7 3 - BROHN COAl 
o.o 4 - GAS 
2126.1 5 - NUClEAR 
467 .(1 6 - RENEHRflLE S 
6348.7 
""'"'"'" T 0 T A l ll!UUilllllll 
ßROWN CORl 


































ENERGY llt FUEL I PJIYR I 
1995 2000 2005 
643.5 613·8 971.7 
1597.8 1544.5 1504.5 
262.5 295·6 342.5 
522.3 605.7 654.2 
o.o o.o o.o 
o.o o.o o.o 
31 .4 45.4 51 .6 
3057.5 3305.0 3524.5 
1995 2000 2005 
SCENARIO• PS-I/Oll C 









51 .5 49 .t 
3742.1 3974.Z 
GOAL RNO COKE 
2010 2015 
YEAR 
2020 LI NE CODE 
1317.3 I - COAL ANO COKE 
1566.0 2 - LIQUID FUELS 
472 .I 3 - GAS I INCL· HYDROGEN I 
796.7 4 - ELECTRICITY 
o.o 5 - PROCESS HEAT 
o.o 6 - OISTRICT HEAT 
47 .s 7 - RENEHABLE ENERGY 
4198.6 mmmmm T 0 T A L ummmm 
2020 
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SINGlE SCENARIO FOR SPAIN RUN TSPICH SCENARIO• PS-1/0IL C DATEI 11/11179 
rAßLE !II ElECTRICI TY PROIJUCTION IPJ/YRI 
1980 1905 1990 1995 2000 2005 2010 2015 2020 LI NE CODE 
99.0 53.3 36·3 24·9 o.o o.o o.o o.o 4.2 1 - OlL STEAH 
o.o o.o o.o o.o o.o o.o o.o o.o o.o 2 - FOSSIL GAS TURBINE 
o.o o.o o.o o.o o.o o.o o.o o.o o.o 3 - FOSSIL COGfNERRTION 
42.5 50.11 57·3 52·8 41.5 33.2 16.6 17.6 1 .7 4 - llCO S TEAM 
49" 57" a5.5 90.0 79.6 70.5 61.0 42.9 14.3 5 - HCO STEAH 
o.o o.o o.o o.o o.o o.o o.o o.o 22·7 6 - HCO COMBINED CYCLE 
o.o o.o 0·0 o.o o.o o.o o.o o.o o.o 7 - HCO I'IHO 
o.o o.o o.o o.o o.o o.o o.o o.o o.o 8 - HCO FLUIDIZED ßED 
o.o o.o o.o o.o o.o o.o s.z 12·3 111.5 9 - HCO IN SITU GASIF 
o.o o.o o.o o.o o.o o.o o.o o.o o.o A - GAS FUEL CELL 
41 ·3 134.3 201 ... 262·7 367.3 374.11 374.2 346.5 2!15.7 fl - LNR 
o.o o.o o.o 3·2 23.2 57.8 95.2 141 ·I 206.7 c - HTR 
o.o o.o o.o o.o II .t 33.3 59.9 93" 137.4 0 - LMFBR 
114" 116·9 115.7 12fl·8 131·8 136.9 13!1.4 146.4 14ß.t E - CONV· HYDROELECTRIC 
o.o o.o o.o o.o o.o o.o o.o o.o 5·4 F - SOLAR THERMAL ELC 
o.o o.o o.o o.o -2.s -2.4 -0.3 -0.9 -I .o G - PUMPED STORAGE 
o.o o.o o.o o.o o.o o.o o.o o.o o.o H - WIND CENTRAL 
o.o o.o o.o o.o o.o o.o o.o o.o o.o I - GEOTHERHAL HDR 
o.o o.o o.o o.o o.o o.o o.o 4.9 10.7 J - PHOTOVOLTFliC OISP. 

















HCO IN SITU GASIF 
~QAP~OH§fM~Ao~YCLE 
1980 1985 1990 1995 2000 2005 2010 ZrJI5 
YEAR 
2020 



































21 PRIHARY ENERGY BY FUEL 'PJ/YRJ 
1990 1995 2000 2005 
1863.2 1916.8 1847.6 1750 .t 
799·5 986.9 1157 .t 1335.7 
176.0 166.3 196.6 Z04 ·1 
180.7 131:1.9 55.4 40.7 
607.0 77~ .1 1208.6 1493·8 
347.8 396.3 419.7 uo.o 
3974.2 4401.3 4885.0 5264·4 
GRAPH 
1990 1995 2000 ZOOS 




















2020 LI NE CODE 
1763 .s 1 - OlL 
1626.0 2 - HRRO COI'll 
120.7 3 • BROIIN COAL 
o.o 4 • GAS 
2263.7 5 - NUC:i..EFIR 
474.8 6 RENEHRBLES 
6248.7 aemme T 0 T Fl L amems 
2020 




















TROLE 4a FINAL 
1985 1990 
318·4 405·3 
1612.3 1631 .7 










ENERGY BY FUEL IPJ/YRJ 
1995 2000 2005 
643.5 013.0 971.7 
1669.4 1637.6 1550·0 
191.5 202·5 297.0 
522·0 605.7 654·2 
o.o o.o o.o 
o.o o.o o.o 
31.4 46·4 51 .6 
3057.8 3305.0 3524.5 
LI !JU I 0 FUELS 
1995 2000 2005 
SCENARIO! PS-1/COAL C ORTE I 11/11179 
2010 2015 
1141 .4 1232.2 





51 .6 51.6 
3742.1 3973.3 
COAL RNO COKE 
2010 2015 
YERR 
2020 LI NE CODE 
1317.3 I - CORL RNO COKE 
1565.0 2 - LIOUID FUELS 
464.7 3 -GAS I INCL· HYDROGEN! 
797.6 4 - ELECTRICITY 
o.o 5 - PROCESS HERT 
o.o 6 - DISTRICT HERT 
52.4 7 - RENEWRBLE EHERGY 
4197.0 smmmm T 0 T R L ammam 
RENEHA8LE ENERGY 
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SINGLE SCENARIO fOR SPAIN RUN TSP1C3 
TAilLE 1:11 ELECTfU CITY PRl.::lUCT I ON IPJ/YRJ 
1980 1985 1990 1995 2000 2005 
99.0 58.8 38.9 40.3 22 .t 14 .I 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
42.5 50.8 57.3 53.0 41 .s 33.2 
49-1 67 .t 85-S 90.0 ao.2 70.4 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
41·3 134.3 201 .4 247.2 342·7 359.2 
o.o o.o o.o 3·2 23·2 57.9 
o.o o.o o.o o.o ll.t 33·3 
ll<l.t 116·9 115.7 121l.a 131 ·6 136.9 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o 
-0·4 -o.s -o.9 
o.o o.o o.o o.o 0 0 o.o 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o ().() o.o 














19110 19115 1990 1995 zooo 2005 














































2020 LI NE COOE 
3.6 I - Oll STEAM 
o.o 2 - fOSSIL GAS TURBINE 
o.o 3 - FOSSIL COGENERATION 
o.o 4 - BCO STEAI'! 
7.4 5 - HCO STERI'! 
o.o 6 - HCO COMBINEO CYCLE 
o.o 7 - HCO 11HO 
o.o 6 - HCO FLU 10 I ZEO BED 
18·5 9 - HCO IN SITU GASif 
o.o Fl - GAS fUEL CELL 
314·3 8 - LWII 
215.6 c - HTR 
137·4 D - Ll1fOR 
1411·2 E - CONY. HYDROELECTRIC 
. 0 .o F - SOLAR THERMAL ELC 
-0·3 G - PUIIPED STORAGE 
o.o H - WIND CENTRRL 
o.o I - GEOTHERIIFIL HOR 
10·7 J - PHOTOVOLTFliC DISP. 
!156.4 ••••• T 0 T A L umamm 
PHOTOYOL TA"! C 0 I SP. 
-----PUI1PED STORAGE 
HCO IN SITU GASlf 
2020 
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SINGlE SCENARIO FOR SPRIN RUN TSPINN 
































1996 2000 2005· 
1881.7 1849.4 1700.6 
10211.5 1276.6 1675.6 
186.3 196.6 204.( 
155.1! 139.0 199.0 
745.11 953.9 965.4 
398.9 414.6 440.1 
4397.0 4630.3 51114.11 
1995 2000 2005 




















2020 LI NE COOE 
1578.0 I - Oll 
3336 .t 2 - HRRO COAl 
120.7 3 - BROWN CORl 
142.3 4 - GAS 
578 ·1 5 - NUClERR 
474.5 6 - RENEWRBlES 







































ENERGY BY FUEL IPJ/YRI 
1995 2000 2005 
543.5 813·8 971.7 
1559.4 1537.6 1550.0 
184.7 202.5 297.0 
525.6 605.7 654.2 
o.o o.o o.o 
o.o o.o o.o 
31 .4 45.4 51.6 
3054.6 3305.0 3524.5 
LIQUID FUELS 
SCENRRIOI PS-1/LJM NUC DATEI 11/11179 
2010 2015 2020 LJNE CODE 
1141 . 4 1232·2 1317.3 I - CORL AND COKE 
1459 .J 1511·6 1565·0 2 - LIOUJD FUELS 
392.7 420·6 464·7 3 GAS I JNCL. HYOROGENI 
esa.5 749.3 797.6 4 - ELECTRJCITY 
o.o o.o o.o 5 - PROCESS HEAT 
o.o o.o o.o 6 - DISTRICT HERT 
51·6 51.6 52·4 7 - RENEHR.BLI! ENERGY 
37n.J 3973.3 4197·0 DDUUU T 0 T A L UBOBB 
RENEWABLE EHERGY 
COAL 11HO COKE 
o~~~~~~~~Fr~~FF~~~rr~~=FFr~~-F~ 




SINGLE SCENARIO FOR SPRIN RUN TSP1NN 
TRI.II.E 91 ELECTR I CITY PRC'lUCTION IPJ/YRJ 
1980 1985 1990 1995 2000 2005 
99.0 56·8 39.7 26.6 30.5 16.6 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
42.5 50.8 57.3 52.7 46.0 37.7 
49-1 67-1 a5.5 90.0 BO .1 114.9 
o.o o.o o.o 20.4 43.1 s5.~ 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o 6.2 12.3 
o.o o.o o.o o.o o.o o.o 
41 ,J 134.3 201 ·4 247.4 316.5 320.3 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o 
114-1 116.9 115.7 128.8 131 .8 136.9 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o -0.2 -2.6 -o.9 
o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o .• o o.o o.o 
o.o o.o o.o o.o o.o o.o 














1980 1985 1990 1995 2000 2006 














































2020 LI NE CODE 
6.7 I - Oll STEAM 
o.o 2 - fOSSIL GAS TURBINE 
o.o 3 - FOSSIL ~~GENERATION 
6.4 4 - aco t TEAM 
333.9 5 HCO S, fAI1 
113 ,J 6 - HCO COHBINED CYCLE 
o.o 7 - HCO HHO 
o.o 8 - HCO FLUIDIZED llED 
24.6 9 - HCO IN SITU GASIF 
o.o R - GAS fUEL CELL 
191·8 !I - Ulfl 
o.o c - HTR 
o.o 0 - LHF!lR 
148.7 E - CONV. HYDROELECTR1C 
16·4 F - SOLAR THERMAL ELC 
-1 .o G - PUHPED STORAGE 
o.o H - IUNO CENTRRL 
o.o I - GEOTHERHAL HDR 
13·6 J - PHOTOVOLTRIC DISP. 
954.4 BDRBB T 0 T A L &BUB& 
PHOTOVOLTAIC DISP. SOLAR THERMAL ELC 




RUN TSP4LI' SCENARIOt SPe4/II80X LIK FOSI ORTEt 16/11/79 
TIU'il.E Zt l'ltii1AI't'l' ENERGY IIY f'Ufl I f'J/YI'll 
1980 1905 1990 1995 2000 2oo5 2010 2015 2020 UNE C:D!lE 
111166.4 1756·4 11'176 ,J 11111113.5 1927.4 1948.4 19'79-1 18'79.0 1'738.'7 I - Oll 
lll4o0 425·0 354.0 391.5 429·0 467.0 4115·0 513.0 641·0 2 e HARO COAL 
131.4 1'70.0 1'76.0 106.3 196.6 204.1 IZ9ol 136.4 147.6 3 - tii'IOWN.COAL 
120·3 160·3 76.2 o.o o.o o.o o.o o.o o.o 4 - GA!! 
141 .4 813·2 1507.8 1939·4 2'722.0 ~o96.a 3960·7 4014.'7 4598.5 5 - NUCLEA« 
326.0 334.9 3:'!3·8 3'73.9 326.8 348.1 337.6 4116.1 553.0 8 e llfN!WAI'JLES 
3059.5 :'!679·8 432:'!-IJ 41!114 ·6 51!02·6 6064.4 6791·5 '7031.2 '78'711·11 611!tnam T D T A L E!IIIIIBIIM 















19110 11186 19110 11195 2000 2005 2tli0 2015 
YERR 
2020 


































ENI!I'IOY BY FUEL IPJIYRI 
1995 2000 2005 
336·2 31!0.2 4411.3 
1!153.6 1777.6 1790.6 
114.7 217·0 270.6 
710·6 1173.8 961.1 
o.o o.o o.o 
o.o o.o o.o 
s.o 20·7 56.9 
3020.1 3200·3 3617.7 
LIQUID FUELS 
CORL ANO COIIE 
1996 zooo ZOOS 
SCENRRIOI SP-4/IIOOX LIN FOSI ORTE• 16/1117!! 
2010 2015 2020 UNE CODE 
447.6 220·2 266.3 I -,CORL RHO COIIE 
1711 .5 '1702.3 1660.0 2 - LIQUID F'UELS 
260·9 616.0 !112.7 3 - GAIJ IINCL· HTOIIOGENI 
1216.1 1371 .s 11!06.6 4 - ELECTIUCITT 
o.o o.o o.o 6 - PIIOCESS HEllT 
o.o o.o o.o 6 - OISTRICT HfAT 
06.6 60.4 136.4 7 - RENfMAaLE ENEIIGY 
3741.7 3866.0 4161.0 maumm T 0 T A L umamm 
IIENEWAI':ILE ENEIUn 
ELECTRI CITY 






































31"AIN RUN TSI"41.P' 
TADLE !)I ELECTRICITY f'ROilUCTION I PJ/YR I 
1986 1990 1996 zooo ZOOS 
I ,J o.o o.o o.o o.o 
o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o 
51·0 47.6 21'1·6 o.o (),() 
Z7o7 o.o o.o (),() o.o 
o.o o.o (),Q o.o o.o 
o.o o.o (),() o.o o.o 
o.o o.o o.o o.o o.o 
o.o Zo7 IJ,!J 111·5 28·2 
o.o o.o (),() o.o o.o 
:u;s ·II 500·2 625·9 834.5 1176.5 
o.o o.o 6ol 25.5 67.7 
o.o o.o 4o4 zo.o 46.6 
116.9 115.5 1211·6 IM·3 101.9 
o.o o.o 1.9 4.4 10.7 
-0·3 o.o o.o Q,() o.o 
o.o o.o 3.2 6.4 12·6 
o.o o.o OoO o.o o.o 
o.o o.o o.o 1.9 s.a 
4116.4 6118.0 1109.0 IOIIi .s 1140.2 
CUIIULAT IVE GRAI'H 























21120 LI NI!: CODE 
o.o i - OlL STERil 
o.o 2 - FOSSIL GAS TUROINE 
o.o 3 - FOSSIL COGfNfRATION 
o.o 4 - !ICO :ITEAI! 
o.o 5 - HCO STERil 
o.o 6 - HCO COftOINf:D CYCLE 
o.o 7 - HCO MHO 
o.o Ii - HCO fLUIOIZfO !11!0 
36.5 9 - HCO IN SlTU GASIF 
o.o fl - GAS· I'Uf:l CELL 
959.0 8 - LW« 
205.6 c - HTR 
172.1) 0 - Lllf'flll 
148.7 I! - COHV. HYilROfLECTRIC 
67.4 F • 501..AIII THfRHAl fLC 
-2·6 G - I'UHI'Eil ST!Ift!We: 
25.7 H - WIND CENTRAL 
o.o I - GEOTHfllltAL 1«1111 
21·4 J • FHOTOVOLTAIC OISP· 
1718.1} mmeme T 0 T A L mmmem 
PHOTOVOLTAIC 013~· 
tHND CENTRAL 
SOI.Aft TH(IIftAL ELC 
CQMV. HYDROELECTIIIIC 
---·------------------------------------------------------------1-----HCO STfiUI 
1990 1911& 2000 20011 2011.'1 2015 
Yt:AR 
zozo 






















SPRIN RUN TSPRP4 SCENARIO• Rf'-4 DATE I 
TRBLE 21 PRIMARY ENERGY ßY FUEL tPJ/YRl 
1985 1990 1995 2000 2005 2010 2015 2020 LI NE CODE 
1868·8 1049.8 1922.0 1806.9 1667.5 1584.7 1569·4 1551 .8 I - Oll 
572 ,J 799.5 990.8 1171 .o 1394.3 1691 .5 1656.1 1931 .5 2 - HARO COAL 
170.0 176.0 186·3 196.6 204.1 105.6 ) 13.2 120.7 3 - BROWN COFIL 
180.3 174.7 110.5 40.9 o.o o.o o.o o.o 4 - GR5 
404.7 607.0 746.7 1181 .5 1457.5 1577.5 )695.2 1929.8 5 - NUCLEAR 
347 ,J 367.3 430.2 456 ,J 484.0 517.8 553.5 567.3 6 - RENEHABLES 
3643.0 3974.3 4366·5 4853.0 5207.4 5477 ,J 5787.4 6101 .t mummm T 0 T R L 































TRBLE 4 I FINAL 
1985 1990 
316·4 485.3 














524.4 611 .o 
o.o o.o 
o.o o.o 




SCENAR 101 RP-4 ORTEt 11/11179 
IPJ/YRI 
2005 2010 2015 2020 LI NE CODE 
971.7 1141 .4 1232.2 1317.3 I - CORL RNO COKE 
1500.5 1446 .o 1497.9 1550.0 z - LIOUID FUELS 
306·6 339.4 369 ,.J 401 .( 3 - GAS I!NCL. HYDROGEN I 
660.9 716 ·I 766.0 613.6 4 - ELECTRICITY 
o.o o.o o.o o.o 5 - PROCESS HEAT 
o.o o.o o.o o.o 6 - DISTRICT HERT 
96.3 160.9 166.6 172.1 1 - RENEHRBLE ENERGY 
3536.0 3603.6 4032.0 4254 ·I amaam T 0 T A L ammmm 
RENEWABLE ENERGY 
ELECTR l CITY 
o-r~~~~~~~PT~rT~rT~rT~~-r~~~~~~~-F~~ 
1960 1965 1990 1995 2000 2005 2010 2015 
YEAR 
2020 
·aiNGLE SCENARIO FOR SPRIN RUN TSPRP4 
TRBLE 91 ELECTRICITY PRODUCTIDN 
1980 1965 1990 1995 2000 
99.0 54.3 34.3 43.8 24·5 
o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o 
42.5 5o.e 57·3 sz.9 40·9 
49 .r 67.1 e5.s 9o.o eo.e 
o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o 
41 .3 134.3 201 .4 224 .r 304.8 
o.o o.o o.o 9.3 35.t 
o.o o.o o.o 4·4 zo.o 
114 .r 116.9 115·7 128.7 131 .7 
o.o o.o o.o 2.5 5.0 
o.o o.o o.o -o.r -o.s 
o.o o.o 3·2 6.4 9.6 
D.D o.o o.o D.D D.D 
o.o D.O D.e 2·3 4.3 
















1980 1985 1990 1995 2000 
-74-
SCENARIO I RP-4 
!PJ/YRl 
2005 2010 2015 
6.6 o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
33.1 32.7 I 6. 4 
70.3 61 .o 42.5 
o.o o.o o.o 
o.o o.o· o.o 
o.o o.o o.o 
o.o 9.6 19.3 
o.o o.o 17.0 
304.8 277 .o 202.4 
77.9 114 .s 171·9 
46.6 79.8 119.7 
136.8 138·0 146-1 
II .3 23·9 42.9 
-1 .1 -2.2 -I .4 
16.0 22·5 25.7 
o.D D.o o.D 
7.8 II ,J 15.5 
71D.3 768·1 e2o.o 
LHFBR 
2005 2010 2015 
YERR 
ORTE 1 11/11179 
2020 L!NE CODE 
o.o 1 - Oll STERH 
o.o 2 - FOSSIL GAS TURBINE 
o.o 3 - FOSSIL COGfNERATION 
o.o 4 - BCO STERH 
g,(l 5 - HCO STERH 
o.o 6 - HCO COMßiNED CYCLE 
o.o 7 - HCO HHD 
o.o !I - HCO FLUIDIZED BEO 
19.3 9 - HCO IN SITU GASif 
19-·8 R - GAS FUEL CELL 
135.3 1'1 - LWR 
256.9 c - HTR 
168.0 0 - LHFBR 
147.6 E - CONY. HYOROELECTRIC 
68 .r f - SOLAR THERMAL ELC 
-I .s G - PUtiPED STORAGE 
25.7 H - WIND CENTRAL 
o.D I - GEOTHERtiAL HDR 
21 .4 J - PHOTOYOLTAIC DISP. 






HCO IN SITU GRSIF 
2020 
-75-
5.3 Comparison of a11 Scenarios 
NOTE For c1arity of the graphs, on1y seenarios PS-1, 
SP-1/1.0 and SP-4/1.0 are p1otted. 
-~·-·· 
-76-
SC[NAIUO CO~Rfti50N RfPORT FOR SPRIN 
TAilLE I 1 TOTAL SYSTEM COST I OS/Yft I 
111110 19115 1990 1995 2000 2!l06 
10.4 16.1 17·11 20.7 26.7 zo.5 
10·4 16.6 19-0 2z.a 29.4 Jz,!J 
10-4 16.1 ta.o 20·9 26.7 29·4 
to.5 16.4 17.6 20.0 26·7 29·5 
10.4 16-1 1'7.8 20.7 26.6 zg,z 
10.4 16.1 1o.o 20.9 26.7 zo,z 
10-8 19.4 20.4 24.7 3Zol 37.7 
10.4 16·2 lllol 21.0 27.0 Z9·7 
10.4 16·1 17.9 zo.o 27.0 30·0 
10.4 16-1 17 ol) 2o.a 26.7 JO.f 
45 
40 






































I - PS-I 
z - PS-I Oll C 
3 - 51"-1191-0/GJJ 
4 - 91"-1 
5 - 1"5-4 
8 - 51"-41 t1 .(J/GJ I 
7 - 31"-4/11 Lll'l F05 
IJ - Jll"-4 
9 - 1"5-1 COOL C 
R - I"S•I Lllt NUC:: 
J - SP'-'IIGI.O/GJI 
6- SI"-4101·0/GJI 




SCENA~IO COMFRftiSON RfrORT FOR srAIN 
TAilLE 21 INVEST11ENT IN TECHNOLOOY tOO/YRI 
IQI'JO 1966 1990 Ul96 2000 ZOOS 
0.5 4.2 4.1 .$.2 7-4 7 .(i 
o.5 4·2 4-1 4.4 7.5 7.6 
o.5 4.2 4.Z 4.4 7.5 7."1 
o.s 4.5 4.1 4.3 7.5 7.7 
a.s 4.2 4.J 4.3 7.5 7.7 
o.s 4.2 4.3 4o5 7.7 7.8 
0·6 e;.o 4.6 5.4 o.s 9."1 
o.s 4.3 4·4 4.6 7.9 6.3 
a.s 4·2 4.J 4.2 7.4 7.5 
o.s 4.2 4ol 4.Z 7.0 7.2 



























2020 llldf COOE 
IJ,ß I - 1'5-1 
1).5 2 - 1"5-1 Oll C 
10·0 3 - 31"-1 t 31 .O/GJ I 
IO·Z 4 - Sl"-1 
e.a 5 - 1"5-4 
10·5 6 - Sl"-41 0 I .Q/OJ I 
12·5 7 - 51"-4/llll" FO$ 
to.a 6 - Rl"-4 
9o5 II - I'S-1 COOL C 
Q,ij A - I"S-1 Lllt NUC 































TMLE Ja EXPENO ITUIIE 
1111'15 1990 1995 
6972·9 0120.4 101146.2 
7493.0 92'7li .6 12702 .. 
61119.5 7977.6 104114.2 
6714.8 7894.8 104116.5 
6960.2 8111.7 107611·9 
692!1·6 7926.2 10:11'16·6 
6692·1 7649.6 10190·1 
6942.6 60411.6 10743.6 
"1001·7 6221·6 II 044 .t 
6972 .g 6116.6 10799.2 
1111!15 1!1110 19116 
ON f'UEL 18$75/YEARI 
2000 2005 2010 
121141.9 148211.6 16264 ,g 
16106.0 17237.5 18929·3 
125JJ,J 14481.1 16368.6 
12637.1 14487.0 16383.4 
126110.6 14446.8 16246.6 
12263.1 14200.6 16001·1 
1246fl.7 150116·1 17366.5 
1257!1·9 142117.6 16016.6 
13200.2 16498.7 173113.9 
132117.9 161'1411.5 111424.6 
2000 2005 2010 
ORTE I ll'i/11179 
2015 2020 LI NE CODE 
1110611.3 21916·4 I • PS-I 
20331.5 211!32·3 2 • I'S·I Oll C 
19034 .. 211101·0 3 • SF-1101 .0/G.Jl 
111013.1 21621il.J 4 - 51"- I 
11111116.!1 21702.1 6 - 1"5-4 
1615116.4 2!1234.6 6 - 3P-4UI.O/G.Jl 
19336.8 1!14117d 7 - Sl"-4/11 L llt 1"05 
111731'1.7 21407.2 6 - 1'11"-4 
206116.4 23748·6 9 - I'S-1 COOL C 
22292·8 28397.4 A - I"S-1 lllt NUC 
- P'S-1 
3 - 51"-IUI.O/GJI 























































































I / I . 
I / 
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2010 2015 2020 LI NE CODE 
81121!.7 102!14.1 












































I - PS-I 
2 - PS-I Oll C 
3 - 51'-IIQt.O/GJl 
4 - :31'-1 
5 - 1'5-4 
6 - :11"-41111.0/GJI 
7 - 31"-4/lllltf FOS 
8 - 111"-4 
9 - I'S-1 COOL C 
A - I"S•I Lltl NUC 
I - I'S-1 
3- SI"-I($1.0/GJI 
4000-r~~-r~~~~~~~FT~~-r~~-r~~-r~~~~rT~~FT~ 






























TAilLE 9t Ne:T 
19115 1990 







































DATEI lfl/1 1179 
2010 2015 2020 LI NE COOf 
ll'i46.2 16110·6 1671.7 I - f'll-1 
1512·7 1531ol 1571 .7 2 - f'S-1 Oll C 
14611.2 1471 ·6 1492.4 3 - lli"-1101.0/GJI 
1463.0 1462·3 14711·8 4 - 51"-1 
161111.2 IEiJJ,2 1620.6 5 - f'S-4 
1364·6 1347·1 1366.3 6 - 51"·4COI.O/G.JI 
1679-1 11179·0 1738.7 7 - SP-4/IILIH FOS 
161!4.7 1569·4 1651.6 8 - ftl"-4 
1632.0 1694·4 1763.6 9 - f'S-1 C!JAL C 
1676.6 1548.9 167ti·O R - 1'6•1 Lllt NUC 









































GAS IMPORT IPJIYRl 
1995 zooo 










2005 2010 2015 2020 LI NE coo~ 
62.4 o.o o.o o.o I - 1'5-1 
60.7 o.o o.o o.o z - 1"5-1 Oll C 
29.1 o.o o.o o.o 3 - 51'-ll$1.0/GJl 
29d o.o o.o o.o 4 - 31"-1 
o.o o.o o.o o.o 5 - 1'5-4 
o.o o.o o.o o.o a - SI'-41$1.0/GJI 
o.o o.o o.o o.o 7 - SP-4/IILin F08 
o.o o.o o.o o.o 8 - 111'-4 
40.7 zo.s o.o o.o 9 - 1'8-1 CORL C 









' 6- SP-4181 .O/GJI 
3- Sl"-1131 .0/~1 
0~~~~~-r~FT~~~~-r~FT~~-r~~~~~~-F~~~~I- PS-I 














































llt HfT CllRL IRPili'IT IPJ/Yfll 
1990 1995 2000 2005 ZOIO 
445.5 595.4 728 ·I 962.5 1292·7 
445.5 614·9 &01 .Q I 037 o~; 1379.1 
445.2 625.7 847.1:l 1135.3 15112·2 
445.6 626.0 !149.1 1135.4 1521.7 
445.6 51i!9.3 742.2 937.5 1223.2 
464.8 710.4 (IJQß,l 1304.4 1699.6 
o.o o.o o.o o.a o.o 
445.5 5911.3 742.0 937.3 1206.5 
445.5 595.4 7Zfl·l !178.7 1067·1 


































2015 zo:w LI NE CODE 
1440.4 1521·5 I - P3-l 
I40J.5 1521.4 2 - P3-l Oll C 
1639·1 1604 .o 3 - 31"-11111 .Q/GJ I 
1617.1 1674.0 4 - 51"-1 
1247.) 1311 .4 5 - I'S-4 
IOIJ,7 1851.0 6 - 31"-4181.0/GJ) 
a.a 100.0 7 - Sf'-4/lllJM F05 
1343.1 13\10.6 8 - Rl"-4 , 
1152.1 10115·0 9 - 1'5-1 COAL C 
2260·1 2795.1 A - 1'5-1 Lll'l NUC 
-· 








I - 1'5-1 
2020 
llOXI 
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II . \ 
I . \ \ I . 
I· \\ 
I I . \ 
. \ \ ~ II · -
'':--. 1.' \ !100 














































I - 1'5-1 
2 - 1'5-1 Oll C 
3 - 51"-1131·0/GJI 
4 - 31"-1 
5 - ,.5-4 
6 - 51"-4181-0/GJ) 
7 - 31"-4/IILin fOS 80%1 
8 - JIIP-4 
9 - 1"5-1 COOL C 
A - 1'5-1 lll'l NUC 
Sf'~41liii·OIGJl 
Sf'-IC liii.OIGJ I 
~ l'S-1 
-84-
SCENARIO CO~RRISnN RfPORT FON SPAIM 



























3632 ,J 3974.3 
3620.8 3986.\l 








1!195 2000 2006 2010 
4401 ,3 41'l86.8 521!6.3 5672·2 
4421.7 49:10.6 5332.5 6693.7 
4438.4 4949.6 5312·4 5741.6 
4UIJ,g 4957.5 5388.3 5769·2 
4404·11 411112.5 62119·4 5602·9 
4412·4 5013·9 5443.6 5797.8 
481!14.6 5602·6 6054.4 6791.5 
43811.5 41153.0 5207.3 5477.2 
4401·3 4884.9 5264.3 15607.5 
4397.1 4tl30o2 5184.8 5507.6 















2020 LI Hf CODE 
6346.2 I d 1'5-1 
6348.7 2 - PIJ-1 Oll C 
6444.3 3 d 51"- I C ei.O/GJ I 
61501·8 4 - 5f'-l 
6279.8 5 - 1'!1-4 
6471.8 8 - SP-4Ut.O/GJI 
71578.6 7 - Sf'-4/1CLIH F08 80%1 
IUOI.t (I - ftl"-4 ' 
82411·7 9 - fS-1 COOL C 
Cl229o7 A - ·pfi-1 lll'l NUC 
6 - 51"·4181.0/GJI 
3- 51"-1131.0/GJI 
I - PS-I 
2020 
-85-





616.4 742 .t 
615.4 742.1 

















13• I"RIKRRY ENEROY CONTRißUTION 01" SOUil FUELS tPJIY I 
19110 1996 2000 2006 
976.5 1173.2 1353.7 1623·6 
976.5 1192.7 1426.6 1601'1.7 
976.2 1203·6 1473.~ 1796·4 
975.6 1203.8 14?4.7 1796.6 
976.6 1)77.1 IJ57oi'J 16111).6 
994.8 121'18·2 1631.7 1965·6 
630.0 577·8 626.6 661.1 
976.6 1177 .t 1367.6 15118·4 
976.6 1173·Z 1363·7 1539.6 
975.5 1214·8 1473-4 1679.7 
2010 2016 2020 
1683·3 2086.6 2183.2 
1969·7 2109.7 21193-1 
2122·0 2266.3 2366.7 
2112 ,J 2243.3 2336.7 
1813·8 11173.3 1973 ,j 
zzgo.z 2439.1) 21HZ.7 
614 .t 651.4 768.6 
1797d IIJIIIlo3 2062.2 
1677.7 17713.3 1748.7 
2249.4 211116.3 3466.11 
/ 
/ 
/ .,., .... 
. .... 
I "" / 
UNE CODE 
I e f'S-1 
2 - 1'3-1 OlL C 
J - SI"-11$1.0/GJI 
4 - 31'-1 
6 - PS-4 
(I 
- SI"-4UI·OIGJ I 
7 - Sl"-4/llll" FOG 
8 - 111"-4 
9 - l"l'H CORL C 
A • I'S-1 l.ll'l NUC 
I // I - I"S-1 
I 
lllli!O 





I I I 
I I 





































ORTE I 15/11179 





















































2010 2015 2020 LI NE CODE 
11546.2 1560·6 1671.7 
1512·7 1531 •• 1571.7 
14611.2 1471.6 1492.4 
1463.0 1462·3 1476.(1 
161111·2 16JJ.2 1620·8 
1354·6 1347·1 13611·3 
11179. I 1079·0 17311.7 
1664.7 1669·4 166J.a 
1632·0 16114·4 1763·6 







.. _ .. _ 
.. --·--
I - 1'8-1 
2 - 1'5-1 Oll C 
3 - Sf'-11'1·0/GJl 
4 - 31"-1 
6 - 1'8-4 
6 - SI"-4UI.O/GJI 
7 - 51"-4/llliN FOS 
8 - 111"-4 
9 - 1"5-1 Clllll C 
A - 1'6-1 litt I!UC 





































1990 1906 2000 2005 
IIIG. 7 1:10.9 o1.s 52.4 
211.0 zoo.7 13!1.9 60.7 
211·0 206·3 124.8 29ol 
211-0 206·3 124·0 29ol 
177.5 119·0 41·!1 o.o 
205.(1 174.9 59.9 o.o 
76.2 o.o o.o 
' 
o.o 
174.7 11o.s 40.9 ! o.o 
160.7 1311·!1 56o4 40.7 
179ol 166.0 139.0 199·0 
".. __ 
,'". -, 
,". \ \ 






























2010 2015 2020 LI HE CODE 
o.o o.o o.o I - I'S-1 
o.o o.o o.o 2 - fl'S-1 Oll C 
o.o o.o o.o 3 - SI'- II 01 .o/GJ I 
o.o o.o o.o 4 - Sl'-1 
o.o o.o o.o 5 - I'S-4 
o.o o.o o.o 8 - :II'-4UJ.CJ/GJI 
o.o o.o o.o 7 - SP-4/III..UI fOS 
o.o o.o o.o 1.1 - 1'11''-4 
20·6 o.o o.o 9 - PS-I COOL C 
267.3 232·4 142.3 R - PS-1 1..11'1 NUC 
0 
. 5- SP-41$1.0/GJI 
+-r=I'""'F'T""I"""''..,.."F'1f""T..,..T"''-r'""'""T"'i..,..T"'r=I'""'F.,_.;r""i'""'F'T""'~""i""'i""'ll"'f'"'i!"''!""'l"""'"""' 3 - SP-1 I $1 • 0/GJ I 
- I - PS-I 




:ICEI#lfUO CO~A~I30N HEPO~T FOA SPAIN 



































1995 2000 2005 2010 
714.1 1200.6 1490·7 1797.4. 
!121.0 1262.8 1537.5 1765.1 
904.8 1282.6 1537.4 1706 .o 
906.3 1290.5 1664.8 1749.3 
796.1 1239·1 Ui611./:l 1746 ,ß 
92:3·2 1317.9 1561·6 1701'1d 
1939.4 2722·8 3096.8 3960.7 
746.7 1101·5 1467.6 1577.6 
774d 1208.6 1493.6 1633·4 
746.8 963.9 966.4 946.1 
1996 2000 2006 2010 
DATEI 15/1:/19 
II'J/YRJ 
2015 2020 UNE CODE 
1934.6 2126.4 I - 1'5-1 
11!40.7 2126d 2 - PS-I OlL c 
19415.5 2129·0 3 - 51'-11$1.0/G.JJ 
2024.3 2220.4 4 - SP-1 
1966.7 2211 .4 6 - 1'5-4 











7 - 31"-4/11 Litt 1'"05 
6 - 111"-4 
9 - 1'5-1 COAL C 
A - 1'5-1 Llrt NUC 
8- Sf'-4181.0/G.JJ 





SCJ!:t!A~IIl Cll~AftiSON REFORT FOR SPAIN 
HIIJLE 171 Plti11AIIY ENERGY CONTIIIOUTION 01' 
19l'JO 191'15 1990 1995 2000 2005 
325.0 330·9 347.11 3911.3 419.7 440.0 
326·0 336.9 347.1) 399.4 414.4 436.7 
326·0 340.6 347.1:1 3112·2 414.4 4:!)6.7 
326.0 ]J!lo7 344.0 392·3 414.9 437o2 
326.0 340.4 349.1 401·9 426·2 449.2 
326·0 342·2 349.1 393.5 414.5 436.4 
326·0 334·9 333.8 373o9 326·8 348.1 
326.0 347.1 367.3 430·2 466.1 484·0 
326.0 331!1.!il 347.8 3911.3 419.7 440.0 














































I - f'S·I 
z - PS-I Oll C 
3 - Sf'-11 :111 • 0/G.J I 
4 - SF-1 
5 - 1'9-4 
6 - Sf'-41!.11·0/GJI 
7 - SP-4/11 L IN I"OIJ 
IJ - 111'-4 
9 - f'S-1 CDIIL C 
A - I'S-1 Lift NUC 
6- Sf'-41!.11.0/G.JI 
• I"S-1 




T~LE 101 ELECTRICITY BUSBAR OUTPUT IPJ/YRJ 
1\i!OO 1965 1990 1995 2000 2006 2010 
:')45.9 427.6 4911.7 662 ·I 561.8 703.9 751 .z 
345.9 422·3 498·1 662·6 651.8 703.9 751 ,z 
346.9 421 .(l 496·2 562·2 651.6 703.9 750.9 
346.1 421 .7 41116·2 662 .(1 666.0 710·3 7tU .5 
345.9 426.3 501·0 667.6 667·6 710.9 760-t 
346.9 422.9 '498.0 5116·3 667.5 711·0 7110·2 
346.8 466.3 666.0 1'109.0 1015·6 1140.1 1'436. 7 
345.9 423.3 41118·2 564.4 667 •• 710·3 7611·0 
345.9 427.8 498.7 5112·1 661.8 704.0 761·2 






















ORTE I 15111171il 
20:1:0 LI NE COOE 
654.3 I - f'S-1 
854.3 2 - 1"5-1 Oll C 
1164.6 3 - 51"-II$1.0/GJJ 
866·1 4 - 51"-1 
682·0 5 - 1'5-4 
061·8 6 - SI'-4181.0/GJJ 
1716.6 7 - SP-4/IILII'I 1'"05 80:1!:1 
1170.1 IJ - RP-4 
1166.4 9 - f'S-1 COAL C 
81§4.4 A - 1'8-1 Lll'l NUC 
8 - 51"-41 $1.0/GJI 
3 - Sf'-1131 .Q/GJ I 
I - f'S-1 
2020 
-91-
3CENRRIO CO~RftiSON R~PORT FOR SPRIN 





























191!6 2000 2006 2010 
327.1 338·2 360.0 :no.o 
327·1 336.2 360.0 370.0 
327.1 336·2 360.(! 370.0 
326·11 334.7 367.0 366.0 
3111·6 326·6 347.5 366·0 
310.6 326.6 347.5 366.0 
316.6 320·6 337.6 340·0 
316.6 326·6 347.6 366.0 
327·1 336·2 360.0 370.0 
327.1 336.2 360.0 37(.9 
DATEI 15/11179 
2016 2020 LI NE C:OOf 
371.7 3111 .6 I - f':S-1 
371.7 31ll .6 2 - I'S-1 Oll C: 
371.7 3111·6 3 - SI'- II $1.0/GJ I 
36:1!.7 306.6 4 - 5P-I 
366.7 372.4 6 - f'S-4 
366.7 308.6 6 - :11'-41 !JI .Q/GJ I 
336.6 31Ull·l'l 7 - SI'-4/IILIM FOS 80%1 
366.7 366·6 8 - Rl'-4 
371 .7 31H ,ß 9 - I'S•I COOL C 
:n1.1 l81·1l A - I'S-1 LIM NUC 
3.- SI'-1181.0/GJI 
I - 1'5-1 
zzo-r~~~~-F~~~~-r~Fr~FT~~-r~~~~-r~Fr~~~~ 




SCENARIO COHPRRISON ftEPORT FOA SPAIN DATEI 16/11179 
TADLE 221 11ETHANOL FOR ROAD TIIANSI'OIIT I PJ/YR I 
1900 1986 1990 111116 2000 2005 2010 2015 2020 LI NE CODE 
o.o o.o o.o o.o o.o 6.2 14·9 za.o 39.0 I - I'S-1 
o.o o.o o.o J,z s.J II· 7 20.4 JO.J 311·0 2 - PS-t OlL c 
o.o o.o o.o I .2 s.3 II· 7 20·4 30·3 39.0 3 - 51'-1181 .O/IiJ I 
o.o o.o o.o J,z s.J II· 7 20·4 30.3 311.0 4 - 31"-1 
o.o o.o o.o o.o o.o 12.5 29·7 47.7 59.4 t'i - PS-4 
o.o o.o t.z 5.2 13·5 26.2 42.5 56.4 611.4 6 - 51'-41 U .Q/G.J I 
o.o 0·0 o.o o.o o.o o.o o.o o.o o.o 7 - Sf'-4/IILIH FOI'J 110%1 
o.o o.o o.o o.o o.o 12.5 29.7 47.7 69·4 0 - 1'11"-4 
o.o o.o o.o o.o o.o o.o o.o o.o o.o 11 - f'S_-1 COAL C 
o.o o.o o.o o.o o.o s.z 14 .g 26.0 39.0 A - I'S-1 Lllt NUC 




• 110 I a: 
.... 









40 I 3 - Sf'-IISI.O/G.J I 
I I • I"S-1 
I I. 
I I I 
I I I 
30 I I 
I I I 
I I 




I I I 
I I 
I I I 






/ / / 
--"" 0 
1980 1986 11190 11195 2000 2005 2010 2015 2020 
YEAR 
-93-
5.4 Impacts of New Technologies 
5.4.1 Coal Liquefaction 
This group of technologies comprises the following: 
SOF Hard coal liquefaction hydrogenation 
SOG Hard coal liquefaction Fischer-Tropsch 
S04 Hard coal to methanol 
The group is competitive in all the scenarios, except PS-1/COAL C 
and SP-4/LIM FOS. Since these two seenarios assume higher imported 
coal prices and limitation on fossil energy use respectively, (both 
conditions making coal less attractive to the model), it is possible 
to deduce that these technologies are only competitive if both coal 
availability is not restricted and the imported coal price evolu-
tionisthat shown in Figure 7. This price schedule is used in 
all seenarios (except PS-1/COAL C). 
When these technologies are individually analysed, the Fischer-
Tropsch process is less competitive than the other two. Tables 
7, 8 and 9 show the individual activity of these technologies, 
that is, the.amount of oil-derived fuels which they can substitute. 
They also show the date of first commercial availability and when 
they become competitive. Table 6 shows the bounds and date of 
implementation of all technologies considered in this study. For 
example, it is possible to observe in Table 7 that the technology 
SOF appears in the PS-1 scenario, and does not do so in the PS-4 
scenario. This is because there are more competitive technologies 
now with higher implementation levels than in the PS-1 scenario. 
The graph on page 97 shows the evolution of the aggregated values 
of those three technologies. 
SCENARIO COMPARISON REPORT FOR SPAIN MARKAL CODE: SOF 
TECHNOLOGY: HARD COAL LIQUEFACTION - HYDROGENATION . {PJ /YR) 
1980 1985 1990 1995 2000 2005 2010 1015 2020 SCENARIO 
0 0 4ta 100 158 216 PS-1 
11 40 82 139 187 216 PS-1/0IL C 
11 40 82 139 187 216 SP-1/ ($1 .0/GJ) 
11 40 82 139 187 216 SP-1 
'·- 0 0 0 0 0 0 79 PS-4 
11 37 79 137 200 253 289 SP-4/1 ($1.'0/GJ) 
0 0 0 0 0 0 0 SP-4/LIM FOS 
0 0 0 0 0 79 153 RP-4 
::.. 0 0 0 0 0 0 PS-1/COAL C 









SCENARIO COMPARISON REPORT FOR SPAIN MARKAL CODE: SOG 
TECHNOLOGY: HARD CQAL LIQUEFACTION. FISCHER - TROPSCH (PJ/YR) 
1980 1985 1990 1995 2000 2005 2010 2015 2020 SCENARIO 
0 0 0 0 0 0 PS-1 
0 0 0 0 0 0 PS-1/0IL C 
7 26 53 90 120 139 SP-1/($1 .0/GJ) 
7 26 53 90 120 139 SP-1 
0 0 0 0 0 0 0 PS-4 
0 22 59 105 152 185 204 SP -4/ ( $1 • 0 /GJ) 
0 0 0 0 0 0 0 SP -4/LIM FOS liJ•, 
J 
0 0 0 0 0 0 0 RP-4 
0 0 0 0 0 0 PS-1/COAL C 









SCENARIO COMPARISON REPORT FOR SPAIN 
TECHNOLOGY: HARD COAL TOMETHANOL (PJIYR) 
1980 1985 1990 1995 2000 2005 2010 
0 0 7 15 
1 5 12 20 
1 5 12 20 
:-
-
1 5 12 20 
0 0 0 13 30 
1 5 14 26 43 
0 0 0 0 0 
0 0 0 13 30 
0 0 0 0 
0 0 6 15 
TABLE 9 
MARKAL CODE: S04 
2015 2020 SCENARIO 
26 39 PS-1 
30 39 PS-1IOIL C 
30 39 SP -1 I ( $ 1 . 0 I GJ ) 
30 39 SP-1 
48 69 PS-4 
56 69 SP-41 ($1 .OIGJ) 
0 0 SP-4ILH1 FOS 
48 69 RP-4 
0 0 PS-1ICOAL C 









SCEIHlR I 0 COMPRRISON REPORT FOR SPRIN DATEI 15/11179 
TRI!Lf lt CORL LI OUEFRC TI ON OUTPUT IPJ/YRJ 
1960 1965 1990 1995 2000 ZOOS 2010 2015 2020 LI NE CODE 
o.o o.o o.o o.o o.o 46.3 114.6 163.6 254.7 - PS-I 
o.o o.o o.o II. 7 44 .a 93.2 159·9 217.0 254.7 2 - PS-I/OlL c 
o.o 0 .o. o.o 16.6 70.3 146.4 250 .I 337.4 393.6 3 - SP-Illlt.O/GJl 
o.o o.o o.o 18.6 70.3 146.4 250 .I 337.4 393.6 4 - SP-l 
o.o o.o o.o o.o o.o 12.5 29·7 47.7 148.3 5 - PS-4 
o.o o.o II. 7 64 .t 151 .5 266·4 394 ,f 494 .I 562.4 6 - SP-4131 .Q/GJ I 
o·.o o.o o.o o.o o.o ! o.o o.o o.o o.o 7 - SP-411180~ Llf1 FOSl 
o.o o.o o.o o.o o.o 12·5 29.7 126.6 222 ·I a - RP-4 
o.o o.o o.o o.o o.o o.o o.o o.o o.o 9 - PS-I/COIR C 
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5.4.2 High Quality Gasification 
Technologies: 
SOl Hard coal Lurgi high BTU gasification 
SOA Hard coal nuclear hydrogasification 
SOB Hard coal nuclear hydro-steam gasification 
Sll Brown coal Lurgi high BTU gasification 
SlA Brown coal nuclear hydrogasification 
This group appears in all seenarios and is generally quite cornpet-
itive, although there are differences in the competitiveness of 
each technology. The Lurgi hard coal gasification process (SOl) 
does not appear in any scenario, and in general the same process 
for brown coal (Sll) only appears between the years 1995 and 
2005, showing small contributions. But the remaining three tech-
'nologies (SOA, SOB and SlA), which are combined with high ternper-
ature reactors, are very competitive in all scenarios. In fact, 
these technologies are the most competitive among those producing 
synthetic fuels from coal. This applies also to the PS-1/COAL C 
and SP-4/LIM FOS scenarios. Tables 10, 11, 12 and 13 show the 
activity of these technologies and the dates on which they become 
competitive; the graph on page 103 shows the aggregated values of 
this group of technologies. 
SCENARIO COMPARISON REPORT FOR SPAIN NARKAL CODE~ SOA 
TECHUOLOGY: HARD COAL NUCLEAR HYDROGASIFICATION {PJIJR) 
1980 1985 1990 1995 2000 2005 2010 2015 2020 SCENARIO 
14 52 107 183 245 283 PS-1 
14 52 107 183 245 283 PS-1IOIL C 
14 52 107 183 245 283 SP -1 I ( $ 1 . 0 I GJ ) 
14 52 107 183 245 283 SP-1 
21 69 138 227 296 338 PS-4 
21 69 138 227 296 338 SP -4 I ( $ 1 . 0 I GJ ) 
21 69 138 227 296 338 SP-4ILIM FOS 
21 69 138 227 2 96 338 RP-4 
14 52 107 183 245 283 PS-1ICOAL C 









SCENARIO COMPARISON REPORT FOR SPAIN HARKAL CODE: SOB 
TECHNOLOGY: HARD COAL NUCLEAR STEAM GASIFICATION (PJ/YR) 
1980 1985 1990 1995 2000 2005 2010 1015 2020 SCENARIO 
14 54 111 189 185 146 PS-1 
- - -
14 54 111 189 175 146 PS-1/0IL C 
14 ·54 111 160 146 107 SP-1/ ($1.0/GJ) 
14 54 111 155 141 101 SP-1 
21 71 143 214 193 143 PS-4 
21 71 71 71 50 0 SP-4/ ($1 .0/GJ) 
0 0 0 0 222 308 SP-4/LIM FOS 
21 71 143 189 169 119 RP-4 
.,.,. 14 54 111 189 219 205 PS-1/COAL C 










SCENARIO CO~WARISON REPORT FOR SPAIN MARKAL CODE: Sll 
TECHNOLOGY: BROWN COAL LURGI HIGH BTU GASIFICATION (PJIYR) 
1980 1985 1990 1995 2000 2005 2010 2015 2020 SCENARIO 
0 5 8 ·8 0 0 0 PS-1 
0 6 8 8 0 0 0 PS-1IOIL C 
0 6 8 8 0 0 0 SP -1 I ( $ l 0 0 I GJ ) 
0 6 8 8 0 0 0 SP-1 
0 0 1 0 1 0 0 0 PS-4 
0 0 l 0 1 0 0 0 SP -4 I ( $ 1 . 0 I GJ ) 
0 18 45 77 35 0 0 0 SP-4ILIH FOS 
0 0 1 0 1 0 0 0 RP-4 
0 5 8 5 0 0 0 PS-1ICOAL C 










SCENARIO COMPARISON REPORT FOR SPAIN ~1ARKAL CODE.: S1A 
TECHNOLOGY: BROWN COAL NUCLEAR HYDROGASIFICATION (PJIYR) 
1980 1985 1990 1995 2000 2005 2010 2015 2020 SCENARIO 
17 62 99 82 63 128 PS-1 
17 62 99 60 65 128 PS~1IOIL C 
17 62 99 28 65 128 SP -1 I ( $1 • 0 I GJ ) 
17 62 99 37 82 128 SP-1 
25 79 112 24 52 133 PS-4 
25 79 111 25 86 133 SP -4 ( $ 1 • 0 I GJ ) 
25 83 166 143 153 163 SP-41LIM FOS 
25 79 112 6 63 133 RP-4 
17 62 104 104 88 133 PS-1ICOAL C 
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I - PS-1 
2 - PS-I/Oll C 
3 - SP-1 I $(.0/GJI 
4 - SP-1 
5 - PS-4 
6 - SP-41 SI .0/GJ I 
7 - Sl"-4/1180% LIM 
8 - RP-4 
9 - 1"5-1/CORL C 
Fl - I"S-1/L 111 MUC: 
I - PS-I 
3- SP-Il#t.Q/GJI 








5.4.3 Low-Medium BTU Gasification 
The group includes two technologies: 
S02 Hard coal medium BTU gasification 
Sl2 Brown coal medium BTU gasification 
This group is only competitive in the PS-1/LIM NUC scenario, and 
only during the last three time periods. The following table 
shows the activity of the group in this scenario. 
P E R I 0 D 
TECHNOLOGY Earlier 2010 2015 2020 Periods 
SOl 0 48 97 154 
Sl2 0 0 0 0 
5.4.4 New non-renewable and non-nuclear technologies for electri-
city production 
This group includes the following technologies: 
E06 Hard coal combined cycle power plant 
EOE In-situ coal gasification 
E94 Gas fuel cell 
The group shows activity in all the seenarios but with low values. 
The most competitive of these technologies is in-situ gasification 
(EOE) rnainly in the PS-1/LIM FOS scenario, since the limitation 
on nuclear energy use forces the model to choose technologies using 
fossil energy carriers. On the other hand, the gas fuel cell shows 
the lowest cornpetitiveness. The Figures on pages 105 and 106 show 
the activity of these three technologies. 






















TRBLE 41 HRRO CORL 
1905 1990 1995 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.a o.o 
o.a o.o o.o 


















































I - PS-1 
2 - PS-I/Oll c 
3 - SP-1 I tti.O/GJJ 
4 - SP-1 
5 - PS-4 
6 - SP-41 ~t.O/GJ l 
7 - SP-4/IIBO:C Lll1 
B - RP-4 
9 - PS-1/CORL C 
R - PS-1/LIM NUC 
3- SP-II$1.0/GJJ 
I - PS-I 
0 -F~~~~~~~~~~-F~~-T~~~~~~-F~~,~~~~.-,~-p~~~~~s- SP-4($I.OIGJ1 




SCENARIO COMPRRISON REPORT fOR SPAIN ORTE I 15111179 
TABLE 7• GAS fUEL CELL.. ELECTR!C!TY PROOUCT !ON IPJ/YRJ 
1990 1995 1990 1995 2000 2005 2010 2015 2020 LI NE COOE 
o.o o.o o.o o.o o.o o.o o.o o.o o.o I - PS-I 
o.o o.o o.o o.o o.o o.o o.o o.o o.o 2 - PS-I/OlL c 
o.o o.o o.o o.o o.o o.o o.o o.o I ,J 3 - SP-II$1.0/GJJ 
o.o o.o o.o o.o o.o o.o o.o 4.5 2.2 4 - SP-1 
o.o o.o o.o o.o o.o o.o o.o o.o 1·1 5 - PS-4 
o.o o.o o.o o.o o.o o.o o.o 4.5 2-l 6 - SP-41 $1.0/GJ I 
o.o o.o o.o o.o o.o o.o o.o o.o o.o 7 ~ SP-4/1180% Ll11 fOS I 
o.o o.o o.o o.o o.o o.o o.o 17.0 19.6 B - RP-4 
o.o o.o o.o o.o o.o o.o o.o o.o o.o 9 - PS-1/COAL c 




, I a: 
UJ I • 
... 
' 













I I . 
I \ 
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5.4.5 Technologies using solar energy for the residential and 
commercial sector 
The contribution of solar collectors varies little among scenarios, 
except for the RP-4 and SP-4/LIM FOS ones, where it logically has 
larger values. It is necessary to remark that the electric heat 
pump is more competitive in all scenarios, and its activity grows 
when the bounds or implementation are larger. Tables 14, 15 and 
16 show the activity of solar collectors, electric heat pumps and 
gas heat pumps for all scenarios; the graph on page 111 shows the 
evolution of their activity. 
SCENARIO COMPARISON REPORT FOR SPAIN 
USEFUL ENERGY FROM SOLAR TECHNOLOGIES FOR RESIDENTTAL & COMMERCIAL SECTOR (PJIYR) 
1980 1985 1990 1995 2000 2005 2010 2015 2020 SCENARIO 
0 4 7 11 14 18 18 18 18 PSt+1 
0 4 7 11 14 18 18 18 18 PS-1IOIL C 
0 4 7 11 14 18 18 18 18 SP-1I($1.0IGJ) I 
t-' 
0 4 7 11 14 18 18 18 18 SP-1 0 Q) 
i 
0 4 7 11 14 18 18 18 18 PS-4 
0 4 7 11 14 18 18 18 18 SP -4 I ( $ 1 . 0 I GJ ) 
0 1 1 2 10 30 52 27 67 SP-4ILIM FOS 
0 5 12 24 35 45 52 60 67 RP-4 
0 4 7 11 14 18 18 18 18 PS-1ICOAL C 
0 4 7 11 14 18 18 18 18 PS-1ILIM NUC 
TABLE 14 
SCENARIO COMPARISON REPORT FOR SPAIN MARKAL CODE: R2A, RTA 
TECHNOLOGY: ELECTRIC HEAT PUMP (PJIYR) 
1980 1985 1990 1995 2000 2005 2010 2015 2020 SCENARIO 
9 18 27 27 27 27 28 PS-1 
9 18 27 27 27 27 28 PS-1IOIL C 
9 18 27 27 27 27 28 SP -1 I ( $ 1 . 0 I GJ ) I 
I--' 
0 
9 18 27 27 27 27 28 SP-1 ~ I 
1 11 21 32 34 38 42 41 PS-4 
1 11 21 32 34 .38 29 33 SP -4 I ( $1 0 0 I GJ ) 
0 0 0 0 0 0 42 46 SP-41LIM FOS 
5 21 31 32 34 65 65 65 RP-4 
9 18 27 27 )!~, 27 27 28 PS-1ICOAL C 
9 18 27 27 27 27 28 PS-1ILIM NUC 
TABLE 15 
SCENARIO COMPARISON REPORT FOR SPAIN MARKAL CODE: R2B, RTB 
TECHNOLOGY: GAS HEAT PUMP (PJIYR) 
1980 1985 1990 1995 2000 2005 2010 2015 2020 SCENARIO 
1 5 8 11 10 7 4 PS-1 
1 5 8 11 10 7 3 PS-1IOIL C 
1 5 8 11 7 4 3 s p -1 I ( $ 1 . 0 I GJ ) I 
I-' 
I-' 1 5 8 11 7 4 3 SP-1 0 
I 
1 1 6 10 15 10 5 0 PS-4 
1 1 1 0 0 0 0 0 SP -4 I ( $ 1 . 0 I GJ) 
0 0 0 0 0 0 0 15 SP-4ILH1 FOS 
4 6 11 15 15 15 15 15 RP-4 
1 5 8 11 11 11 11 PS-1ICOAL C 
1 5 8 11 11 11 11 PS-1ILIM NUC 
TABLE 16 
,-111-
SCENARIO COMPRRISON REPORT FOR SPRIN 
TABU 131 SOLAR FOR R I. CI OUTPUT INCLUOING BACKUP 
1980 1965 1990 1995 2000 2005 2010 
o.o 3.8 7 ·I 10.7 14.2 17.8 17.8 
o.o 3.8 7 ·I 10.7 14.2 \7.8 17.8 
o.o 4.4 7.[ 10.7 14.2 17.0 17·8 
o.o 4.4 7.[ 10.7 14.2 17.8 17.8 
o.o 3.8 7 .[ 10·7 14.2 11 .a 17 .a 
o.o 4.4 7. I 10.7 14 .2 17-0 t7 .a 
o.o 0.7 I .4 2.t 10.4 29.5 51 .6 
o.o 4.9 12 ·" 23.6 34.9 44.9 52.3 
o.o 3 .a 7.( 10.7 14 .z 17.8 17.8 
o.o 3.8 7 .I 10-7 14.2 17.8 17 .a 
18· 
1985 1990 1995 2000 2005 2010 






























LI NE CODE 
I - PS-I 
2 - PS-I/Oll c 
3 - SP-1 I $1 .Q/GJ I 
4 - SP-1 
5 - PS-4 
6 - SP-41 lbl .0/GJ I 
7 - SP-4/11 80% LI 11 
8 - RP-4 
9 - PS-1/COAL C 






5.4.6 New renewable technologies for electricity production 
Technologies: 
E35 Wind power plant 
E4B Decentralised solar photovoltaic plant 
E34 Central solar thermal power plant 
The group appears in all scenarios, although with small activities. 
Wind power plants are only competitive in two scenarios: the RP-4 
(logically) and SP-4/LIM FOS. Both types of solar power plants 
show some activity only during the last. bvo or three time periods. 
In the PS-1/LIM NUC scenario, their activity grows only slightly 
which means that these technologies contribute little to the 
substitution of nuclear energy for electricity production. Tables 
17 and 18 show the corresponding activities for these technologies, 
and the graphs on pages 115 and 116 show their evolution. 
5.4.7 Conventional nuclear power plants 
Technology: 
E21 Light water reactor 
This technology shows high activity levels in all scenarios. The 
highest activity is that corresponding to the SP-4/LIM FOS scen-
ario, because of the limited availability of fossil energy carriers. 
Table 19 shows the activities of this technology for all scenarios, 
and the graph on page 118 shows the evolution over the total time 
span. 
5.4.8 New nuclear power plants 
The following two technologies have been considered: 
E25 High temperature reactor 
E26 Fast breeder reactors 
SCENARIO COHPARISON REPORT FOR SPAIN HARKAL CODE: E4B 
TECHNOLOGY: DECENTRALIZED SOLAR PHÖTOVOLTlUC ELECTRIC (PJIYR) 
1980 1985 1990 1995 2000 2005 2010 2015 2020 SCENARIO 
0 0 0 0 0 5 11 PS-1 
0 0 0 0 0 5 11 PS-1IOIL C 
0 0 0 ·o 0 0 6 SP-1/ ( $1. OIGJ) I 
1--' 
0 0 0 0 0 0 6 SP-1 1--' w 
I 
0 0 0 0 0 0 ~ PS-4 
0 0 0 0 0 0 8 SP -4 I$ 1 • 0 I GJ } 
0 0 2 6 10 16 21 SP -4ILIH FOS 
1 2 4 t3 11 16 21 RP-4 
0 0 0 0 0 5 11 PS-1ICOAL C 
0 0 0 0 3 8 14 PS-1ILIM NUC 
TABLE 17 
SCENARIO COMPARISON REPORT FOR SPAIN MARKAL CODE: E34 
TECHNOLOGY: CENTRAL SOLAR THERK~L ELECTRIC (PJIYR) 
1980 1985 1990 1995 2000 2005 2010 2015 2020 SCENARIO 
0 0 0 0 0 6 PS-1 
0 0 0 0 0 5 PS-1IOIL C 
0 0 0 0 0 10 SP -1 I ( $ 1 . 0 I GJ ) 
I 
1-' 
0 0 0 0 0 16 SP-1 1-' 
.J:>. 
I 
0 0 0 0 0 6 PS-4 
0 0 0 0 0 20 SP-4I($1.0IGJ) 
2 4 11 23 42 67 SP-4ILIM FOS 
3 5 11 24 43 68 RP-4 
0 0 0 0 0 0 PS-1ICOAL C 
0 0 0 0 0 16 PS-1ILIM NUC 
TABLE 18 
SCENARIO COMPRRISON REPORT FOR SPRIN 
TAB LI:: 17: OECENTRAl.llEIJ 
1980 191!5 1990 1995 
o.o o.o o.o o.o 
o.o o.o o.o o.o 
o.o o.o o.o o.o 
o.o o.o o.o o.o 
o.o o.o o.o o.o 
o.o o.o o.o o.o 
o.o o.o o.o o.o 
o.o o.o o.8 2.3 
o.o o.o o.o o.o 






1980 1985 1990 1995 
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ORTE I 15/11179 
PHOTOVOI.TRIC,El.ECTRIC PROOUCT IPJ/YRI 
2000 2005 2010 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
1·9 s.a 9.7 
4·3 7.8 II ,J 
o.o o.o o.o 
o.o o.o 2.9 
2000 2005 2010 
2016 2020 l.INE CODE 
4.9 10.7 I - PS-I 
4·9 10.7 2 - PS-I/Oll. c 
o.o 5.a 3 - SP-11$1.0/GJI 
o.o .5.a 4 - SP-1 
1·2 9.0 5 - PS-4 
o.o 7.8 6 - SP-41$1.0/GJI 
15.5 21 .4 7 - SP-4/11804 LIM 
15·5 21 ·4 8 - RP-4 
4·9 10.7 9 - PS-1/COAL C 
7.8 13·8 A - PS-I/Litt NUC 





























SCENARIO COMPRRISON REPORT FOR SPRIN OIHE I l!:i/11179 
TRBLE Ißt CfNTRRLIZED SOLAR, ELECTRICITY PROOUCTION IPJ/YRl 
191!0 1906 1990 1996 2000 2005 2010 
o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o I ,g 4.4 10.7 23·3 
o.o o.o o.o 2·5 5.0 II .3 23.9 
o.o o.o o.o o.o o.o o.o o.o 
o.o o.o o.o o.o o.o o.o o.o 
zo 
1900 1985 1990 1995 2000 2005 2010 



















































I - PS-I 
2 - PS-I/OlL c 
3 - SP-li$1.0/GJI 
4 - SP-1 
5 - PS-4 
6 - SP-·4181.0/GJI 
7 - SP-4/1180% LIM FOSI 
8 - Rl"-4 
9 - PS-1/CORL C 
A - PS-I /Litt NUC 
6 - SP-4131.0/GJI 
3 - SP-IIsi .Q/GJI 




SCENARIO COMPARISON REPORT FOR SPAIN MARKAL CODE: E21 
TECHNOLOGY: LIGHT WATER REACTOR (PJIYR) 
1980 1985 1990 1995 2000 2005 2010 2015 2020 SCENARIO 
41 134 201 247 343 359 381 342 286 PS-1 
41 134 201 263 367 375 374 ~47 286 PS-1IOIL C 
41 134 226 291 367 375 369 356 297 SP -1 I ( $ 1 . 0 I GJ ) I 
I-' 
41 168 239 291 370 381 383 380 329 SP-1 I-' 
-.....! 
I 
41 134 201 241 324 338 323 285 217 PS-4 
41 134 231 283 350 359 348 -~14 230 SP-41 ($1 .0/GJ) 
47 270 500 626 835 877 1092 940 959 SP-4ILIM FOS 
41 134 201 224 305 305 277 202 135 RP-4 
41 134 201 24 7 343 359 388 34.7 314 PS-1ICOAL C 
41 134 201 247 317 320 315 249 192 PS-1ILIM NUC 
'rABLE 19 
-118-
SCENARIO COMPARISON REPORT FOR SPAIN 
TRI:lLE 20 I LWR • ELECTRICI TY PRODUtTION tPJ/YRJ 
1980 1985 1990 1995 2000 2005 2010 
41.3 134 .3 20 I .4 247.2 342.7 359.3 31:!0.6 
41.3 134.3 201 .4 262.7 367.3 374.8 374.2 
41.3 134.3 226.3 290·5 367.3 374.8 369.2 
41.4 167.9 239.0 291 .o 369.9 300.6 31)2.8 
41.3 134 .3 201 .4 240.5 323.9 338·4 322.7 
41.3 134.3 231 .4 283.0 350.0 358.7 348.2 
46.9 269.1) 500.2 625.9 834.5 876.5 1091 .s 
41 .3 134.3 201 .4 224 ·I 304.8 304.8 277 .o 
41.3 134 .3 201 .4 247.2 342.7 359.2 388.2 
41.3 134.3 20 I. 4 247.4 316.5 320.3 314.5 
400 
-I 
350 I -· ,... 
·-= I . a: I I ' ..... ,.. I . .... 
















1980 1985 1990 1995 2000 2005 2010 























2020 LI NE CODE 
21:!6.5 I - PS-I 
285.7 2 - PS-1/0IL c 
297.3 3 - SP-11$1.0/GJl 
329.0 4 - SP-1 
217.3 5 - PS-4 
229·5 6 - SP-41 31 .O/GJ l 
959.0 1 - SP-4/1180% LIM 
135·3 8 - RP-4 
314·3 9 - PS-1/CORL C 













Both technologies appear in all scenarios, except in PS-1/LIM NUC. 
As can be seen from Tables 20 and 21, they are very competitive. 
In all seenarios with acceleration level 1, the activities are 
the same. This also applies in all level 4 acceleration seen-
arios. This means that these technologies are always at the top 
of their implementation le\rels. The graphs on pages 122 and 123 
show the evolution of the respective activities. 
5.4.9 New transportation technologies 
Technologies: 
S04 Methanol for cars 
TSV Hydrogen for cars 
TSO Electric battery car 
Hydrogen for road transport is not competitive and does not appear 
in any scenario, but methanol is quite competitive, as shown in 
Table 9. It appears at its highest implementation level in many 
scenarios, mainly after the year 2005. It does not appear either 
in SP-4/LIM FOS or in PS-1/COAL C, which means that, as previously 
indicated, its competitiveness disappears if imported coal prices 
are increased. 
The electric battery car is the most competitive technology for 
substituting oil-derived liquid fuels for transport. Table 22 
shows that it always appears at its highest implementation level. 
The graphs on pages 125 and 126 show the evolution over the whole 
time span of the electric battery car and the methanol-powered 
car. 
SCENARIO COMPARISON REPORT FOR SPAIN MARKAL CODE .: E 2 5 
TECHNOLOGY: HIGH TEMPERATURE REACTOR (PJ/YR) 
1980 1985 1990 1995 2000 2005 2010 2015 2020 SCENARIO 
11 33 55 100 166· PS-1 
11 33 55 100 166 . PS-1/0IL C 
- - 11 33 55 100 166. SP-1/ ( $1. 0/GJ) 
! 
I-! 
11 . 33 55 100 166 SP-1 N 0 
I 
.;.... 4 20 47. 73 129 217 PS-4 
I 
4 20 47 73 129 217 SP-4/ ($1.0/GJ) 
4 20 47 73 129 217 SP-4/LH1 FOS 
4 20 47 73 129 217 RP-4 
11 33 55 100 166 PS-1/COAL C 
0 0 0 0 0 PS-1/LIM NUC 
TABLE 20 
SCENARIO COMPARISON REPORT FOR SPAIN .HARKAL CODE: E26 
TECHNOLOGY: FAST BREEDER REACTOR (PJIYR) 
1980 1985 1990 1995 2000 2005 2010 2015 2020 SCENARIO 
i.--:: :+ - 11 33 60 93 137 PS-1 
11 33 60 93 137 PS-1IOIL C 
11 33 60 93 137 SP-11 ( $1. OIGJ) I 
1--' 
N 
11 33 60 93 137 SP-1 1--' 
I 
4 20 47 80 120 173 PS-4 
4 20 47 80 120 173 SP -4 I ( $1 . 0 I GJ ) 
4 20 47 80 120 173 SP-4ILH1 FOS 
4 20 47 80 120 168 RP-4 
ll 33 60 93 137 .·· PS-1/COAL C 
0 0 0 0 0 PS-1/LIM NUC 
TABLE 21 
-122-
SCENARIO COHPRRISON REPORT FOR SPRIN 
























1985 1990 1995 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o o.o 
o.o o.o 4 .4 
o.o o.o 4 .4 
o.o o.o 4.4 
o.o o.o 4 .4 
o.o o.o o.o 
o.o o.o o.o 




















































































2 - PS-I/OlL C 
3 - SP-II$1.0/GJI 
4 - SP-1 
5 - PS-4 
6 - SP-4131.0/GJI 
7 - SP-4/1180% LlM 
8 - RP-4 
9 PS-1/COAL C 
A - PS-1/LIM NUC 
6 • SP-4181 .0/GJI 
3 - SP-1 1$1 .O/GJ I 
I - PS-I 
2020 
FOSI 
SCENARIO COMPRRISON REPORT FOR SPRIN 
H1BLE 22t LIQUID METRL 
1980 1985 1990 1995 
o.o o.o o.o o.o 
o.o o.o o.o Q.Q 
o.o o.o o.o o.o 
o.o o.o o.o Q,Q 
o.o o.o Q,Q ..... 
o.o o.o o.o 4·4 
o.o o.o o.o 4·4 
o.o o.o Q,Q 4.4 
o.o o.o o.o o.o 










1980 1985 1990 1995 
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I - PS-I 
2 - PS-I/Oll c 
3 - SP-II$1.0/GJI 
4 - SP-1 
5 - PS-4 
6 - SP-41$1.0/GJI 
7 - SP-4/IIBOX LIM 
8 - RP-4 
9 - PS-1/CilAL C 
R - PS-I/Litt NUC 
6- SP-4131.0/GJI 
3- SP-II$1.0/GJI 
I - PS-I 
2020 
FOSI 
SCENARIO COMPARISON REPORT FOR SPAIN MARKAL CODE: T80 
TECHNOLOGY: ELECTRIC BATTERY CAR (PJIYR) 
1980 1985 1990 1995 2000 2005 2010 2015 2020 SCENARIO 
1 2 4 8 15 24 30 PS-1 
1 2 4 8 15 24 30 PS-1IOIL C 
1 2 4 8 15 24 30 SP -1 I ( $ 1 • 0 I GJ ) I 
I-' 
4 8 15 24 30 N 1 2 SP-1 ~ 
I 
1 5 10 15 20 30 40 39 PS-4 
,.;... 1 5 10 15 20 30 40 45 SP-4I($1.0IGJ) 
1 5 10 15 20 30 40 45 SP-41LIH FOS 
1 5 10 15 20 30 40 45 RP-4 
1 2 4 8 15 24 30 PS-1ICOAL C 
1 2 4 8 13 24 30 PS-1ILIM NUC 
TABLE 22 
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11180 111116 lllf!O Ulfl6 2000 2006 2010 20115 2020 UNI!: CODE 
o.o o.o o.o o.o o.o a.z 14·9 zo.o 39·0 I • I"S·I 
o.o o.o o.o I·Z Sol 11·7 20·4 30o3 :JQ,(l 2 • I"S-1/0ib C 
o.o o.o o.o 1·2 6·3 11·7 20.4 30·3 311.0 3 .• SP"•IUI·O/OJI 
o.o o.o o.o I ,:z s.3 11·7 20·4 30.3 31Jo0 4 - 811'-1 
o.o o.o o.o o.o o.o 12·6 211·7 47.7 811.4 6 - I"I'S-4 
o .• o o.o 1.2 s.z 13·6 ZGo:Z 4Z·Iii 158.4 811.4 8 D Sfi'-41$1.0/0JI 
o.o o.o o.o o.o o.o o.o o.o ~.o o.o 7 • SP-4/IIIOX LIA f081 
o.o 1),(1 o.o o.o o.o . 1:1: .s 29·7 47o7 Clllo4 8 - 1011 -4 
o.o o.o o.o o.o o.o o.o o.o o.o o.o II • 1'8-IIC:OAt. C:: 
o.o 0·0 '1·0 o.o o.o s.z 14·9 28·0 39.0 A • PI•IILIA NUC 
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SCENARIO COHPRRISON REPORT FOR SPRIN ORTE I 15/11179 
TADLE 30 l ELECTRIC BRTTERY CAR I PJ/YR l 
1980 1985 1990 1995 2000 2005 2010 2015 2020 LI NE CODE 
o.o o.o o.s I .5 4.4 7.5 15.o 24·0 JQ,Q I - PS-I 
o.o o.o o.s I .5 4.4 7.5 1s.o 24.0 30.0 2 - PS-I/Oll C 
o.o o.o o.a I .5 ·L4 7.5 15·0 24.0 30.0 3 - SP-1131.0/GJI 
o.o o.o o.a I .5 4.4 7.5 15.0 24.0 30.0 4 - SP-1 
o.o I ·0 5.0 10.0 15.o 20.0 30.0 40.0 39.2 5 - PS-4 
o.o I .o 5.0 to.o 1s.o 20.0 30-0 40.0 45.0 6 - SP-4131.0/GJI 
o.o I .o 5.0 to.o t5.o zo.o 30.0 40.0 45.0 7 - SP-4/1180% LIH FOSI 
o.o I .o 5.0 1o.o 15.0 20·0 30.0 40.0 46.0 8 - RP-4 
o.o o.o o.a- I .5 4.4 7.5 1s.o 24·0 30.0 9 - PS-1/CORL C 
o.o o.o o.s t.s 4.4 7.5 13" 24·0 30.0 A - PS-I/LII1 NUC 
50 
' 6 - SP-41 $1.0/GJI / 











I 3 - SP-1131.0/GJI 




























6. ANALYSIS OF THE RESULTS 
6.1 General Comments 
The trade-off curve (Figure 10) shows the relationship between 
the total discounted energy system cost and the total amount of 
imported oil during the considered time span. This curve indi-
cates that there is a low elasticity between the items: the total 
imported oil reduction (difference between the base case (PS-1) 
and the extreme case (SP-1) with the highest oil savings) is 
approximately 6% (1) and the difference between the respective 
system costs is smaller (approximately 1%). 
Logically there is a larger saving on imported oil in the accel-
erated seenarios because of their higher new technology implemen-
tation levels; for instance, the SP-4/1.0 scenario achieves a 
reduction of more than 9% on imported oil. This means that it is 
possible to reduce the total amount of imported oil at relatively 
low cost by accelerating the implementation of new technologies. 
Of course it would be necessary to spend large sums of money on 
research and development of these new technologies and these 
funds are not included in the investment costs used by the model. 
It is therefore necessary to take into account the economic diffi-
culties that this research and development would present for some 
IEA countries. 
Another important item is the very high sensitivity of the Spanish 
energy system to restrictions in fossil fuel use. The greatest 
possible reduction of fossil fuel use is only 20%. With higher 
reductions, infeasible solutions are obtained because of the 
impossibility of satisfying the energy demand for some sub-sectors. 
Furthermore, the case of highest possible fossil fuel substitution 
implies a high total system cost increment (20%), and a larger 
total amount of imported oil (oil is more attractive for the sys-
tem because it is more efficient in its use). 
(1) Unless otherwise noted, all percentages are referrEd to the corresponding 
value of the PS-1 scenario. 
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For the seenarios with limited nuc1ear energy availability (e.g. 
PS-1/LIM NUC scenario), the total system cost is higher than 
that for the base case in those periods during which the mode1 
would otherwise have insta1led nuc1ear p1ants at a 1evel approx-
imate1y 2% higher. In al1 such scenarios, the total amount of 
imported oi1 is near1y the same as for the base case, because 
nuclear energy competes main1y with coal, and a nuc1ear energy 
reduction imp1ies an equiva1ent increment in coa1 use. 
Another important remark is the key ro1e p1ayed by the price of 
imported coa1 in the structure of the Spanish primary energy 
system, because of the high dependence on imports for the system. 
The PS-1/COAL C scenario (as exp1ained above, in this scenario 
the annua1 growth rate in the price of imported hard coa1 is 3% 
instead of 2% as in the.base case) shows a significant reduction 
in the hard coa1 imports. Some coa1 1iquefaction techno1ogies 
disappear, for examp1e, methano1 production for road transport. 
The scenario cost is 1.3% higher than for the base case. 
The highest imp1ementation 1eve1 for techno1ogies using renewable 
energy sources produces smal1 reductions in imported oil (0.2%) 
with a larger system cost increment (1.3%). This is 1ogical be-
cause such technologies produce e1ectricity, and oi1 is norma1ly 
not used for e1ectricity production after the first two or three 
time periods. In fact, the total amount of renewab1e energy used 
is nearly the same for all scenarios, except for the RP-4 scen-
ario as might be expected and for the SP-4/LIM FOS one. The 
1atter is an extreme case because it contemplates an extreme re-
duction in fossil fuel use, and therefore the model utilises a 
1arge amount of renewab1e energy to substitute for fossil fuels. 
Coal gasification techno1ogies using high temperature reactors 
(HTR) have a smaller sensitivity to imported coal prices than 
those not using nuc1ear energy, but they logica11y have a very 
high sensitivity to restrictions of nuclear energy use. 
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6.2 Comparison between the SP-4/1.0 and PS-1 Scenarios 
1) The total primary energy consumption is larger in SP-4/1.0 
because oil is substituted by coal, although the differences 
are small, approximately 2%, depending on the time period. 
However, the total amount of imported oil decreases 9.1% 
after 1985, and the annual decrease reaches 15% during some 
time periods. The total amount of imported hard coal in-
creases 25% over the base case, and the annual difference 
reaches 33% for some time periods. As for nuclear energy 
consumption, it shows some variation between the years 1990 
and 2020 (in 2020 the nuclear energy consumption is again 
the same for both scenarios) . It is 10% higher in the year 
2000 for the SP-4/1.0 scenario. Renewable energy consump-
tion is nearly the same for both scenarios. 
Imported natural gas disappears during the fifth time period 
(centred in the year 2000), five years earlier than for the 
base case, but the total amount of imported natural gas is 
approximately the same for both scenarios. 
Structural changes in primary energy consumption can be seen 
in Figure 11. The most important consideration suggested by 
the graphs is that the percentage of coal increases, covering 
the decreases in oil and nuclear energy, although the general 
structure is nearly the same for both scenarios. 
2) The final energy also shows some structural changes (Figure 
12); electricity production grows approximately 1% for all 
periods after 1990 and gaseaus fuel use increases approxi-
mately 1% after 1985. Coal and liquid fuel use decrease 
between 1% and 1.5% after 1990, and renewable energy does 
not change. 
3) The industrial sector shows the same structural changes ob-
served in the final energy structure: coal consumption dec-
reases 3% during the last time period (2020) and gas decreases 
14%. The electricity consumption remains nearly the same. 
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4) The residential and commercial sector shows some small 
changes; electric heat pump use increases by approximately 
22% and the gas heat pumps disappear. Gas use also decreases 
but no more than 2.5%. 
5) As for the transportation sector, the methanol use increases. 
It appears during the third time period (three periods ear-
lier than for the base case) , and the total increase is 
125 PJ (4.3 x lOt TCE). These increases are balanced by 
the corresponding decreases for DSL and gasoline. 
6) Electricity production grows by approximately 1%. Figure 
13 shows the structural changes. For intermediate time 
periods the oil consumption decreases and is substituted by 
nuclear energy. The percentage of hydroelectric energy use 
decreases continuously for both scenarios. 
7) Synthetic fuel production from coal shows a large increase 
and a new process appears: Fischer-Tropsch, which did not 
appear for the base case. The total output from these tech-
nologies during the third time period, 1995, is multiplied 
by approximately 2.5, with respect to the base case. After-
wards, the growth rates are smaller, and for the last time 
period (2020) the rate is only 25% higher. The Lurgi brown 
coal gasification process almost disappears and only produces 
1 PJ (0.03 x 106 TCE) during the sixth time period (2005). 















FIGURE 13: EVOLUTION OF PRIM..ARY ENERGY CONSUM?TION POR ELECTRICITY PRODUCTION 
SCENARIO ?S-1 
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6.3 Comparison between the Base Case (PS-1) and the PS-1 OIL C 
Scenario 
The oil contribution to primary energy is smaller in the PS-1 OIL C 
scenario after the year 1990. The coal contribution grows and 
partially covers the decrease of oil contribution; the increase 
reaches 10% in the year 2000. The nuclear energy contribution has 
a similar evolution reaching an increase of 7% in the year 2000. 
The renewable energy contribution changes very little. Oil imports 
logically decrease because of the higher oil prices. The total 
amount of imported oil is 3% smaller. This decrease is covered by 
larger amounts of imported coal (~ 7%) and natural gas. 
The structure of final energy consumption shows a smaller contribu-
tion from liquid fuels between 1990 and 2005 (approximately 5% 
smaller). This decrease is completely covered by gaseous fuels. 
For the remaining years, the values for both seenarios are approxi-
mately the same. As for the demand sectors, the following consid-
erations can be made: 
- The industrial sector shows the same substitution of 
liquid fuels by gaseous ones already observed in final 
energy consumption. 
- The residential and commercial sector does not show changes. 
- The transportation sector shows an increase in methanol 
use, which appears ten years earlier than in the base 
case (in 1995). The total increase is 21 PJ (approximately 
0.7 x 106 TCE). 
The electricity production remains nearly the same. It is quite 
logical because oil is not used for electricity production after 
the first 10 or 15 years. The structure of electricity production 
shows that only approximately 65 PJ (2.2 x 106 TCE) of electricity 
which was produced by the oil power plants in the base case is now 
produced by LWR in the PS-1/0IL C scenario. 
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Synthetic fuel production from coal grows between the years 1995 
and 2020 and the difference reaches 10% in the year 2005. The 
values for the year 2020 are again the same. The most relevant 
increase is the one for hard coal hydrogasification. Methanol 
production also grows (approximately 25%, although this percentage 
means, in real terms, only 30 PJ (1.1 x 106 TCE). 
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6.4 Camparisan between the Base Case and the PS-1 COAL C Scenario 
The total primary energy consumption slightly decreases (coal is 
being substituted by oil, which, as indicated above, has higher 
efficiencies); the difference is not larger than 1.5%. The con-
tributions of natural gas and renewable energy remain practically 
unchanged. The nuclear energy contribution grows after 2000, 
reaching an increase of 3% in the year 2020; the total increase 
during the total time span is approximately 2%. The oil contri-
bution also increases after 2000 and, in 2020, is 12% higher. 
Logically the coal contribution decreases after 2000, and in 2020 
is roughly 20% lower. This indicates that the Spanish energy sys-
tem has a very large sensitivity to coal prices and therefore the 
assumptions made about these prices strongly influence the results. 
The total amount of imported oil grows approximately 3.2% and 
that of imported coal logically decreases (13%). The decrease 
reaches 30% for some years. 
The final energy consumption shows an increase in liquid fuel con-
tribution between the years 1995 and 2010, although the difference 
does not reach 2%. This increase is balanced by gaseaus fuel, and 
the same substitution can be observed in the structure of the 
industrial sector. In the residential and commercial sector the 
gas heat pump contribution is 7 PJ larger, and the direct contri-
bution of gas is 7 PJ smaller, because synthetic gas is more expen-
sive in the PS-1/COAL C scenario. In the transportation sector, the 
methanol use disappears, because with the higher coal prices it is 
not competitive. 
The electricity production remains nearly the same. The. hard coal 
combined cycle disppaears and it is substituted by LWR. 
The production of synthetic fuels from coal shows the disappearance 
of hydrogenation and methanol production. Nuclear gasification 
technologies grow approximately 20%, but in spite of this the total 
amount of synthetic fuel decreases by approximately 18% after the 
year 2000. 
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6.5 Comparison between the Base Case and the PS-1 LIM NUC Scenario 
The prirnary energy consumption decreases although the differences 
are not larger than 2%. The contribution of solid fuels after 
1990 is logically larger; the difference grows continuously and 
reaches 60% in the year 2020. The oil contribution is nearly the 
same, with some fluctuations, which do not reach 2%. It is poss-
ible to observe that the lirnitation on nuclear energy use causes 
an increase in total system cost. The difference grows contin-
uously reaching 10% in 2020. The nuclear energy contribution 
decreases after 1990, and becomes less than 33% in 2020. The 
contribution of renewable energy is practically the same. These 
facts mean that nuclear energy is substituted mainly by coal and 
to a lesser extent by natural gas. Oil imports show a small in-
crease and natural gas imports grow strongly after 1990. There 
are gas imports after 2005 (this does not occur in the rernaining 
nine scenarios) . The total arnount of irnported natural gas is 
85 PJ (28.7 x 106 TCE) larger than that for the base case. Coal 
imports are also much higher after 1990, becoming alrnost 100% 
rnore in the year 2020. 
As for the final energy consumption, the coal contribution hardly 
changes. The liquid fuel contribution increases between 1995 and 
2010, although the differences are smaller than 1.5%. This in-
crease is balanced by gaseaus fuel use. The differences are small 
in real terms. The industrial sector shows the same substitution 
of liquid fuel by gaseaus ones. In the residential and cornmercial 
sector the gas heat pump use increases 7 PJ (~0.3 x 106 TCE). 
This is balanced by a decrease in the use of gas burners. The 
transportation sector hardly changes. 
As for the structure of electricity production, it can be observed 
that the nuclear energy contribution decreases (logically) . The 
HTR and LMFBR do not appear and the activity of the LWR decreases 
after 1995, becoming only 50% of that in the base case in 2020. 
These decreases are covered by coal, with conventional coal-fired 
power plants covering approximately 70% of the decrease of nuclear, 
hard coal combined cycle (20%) and in-situ coal gasification and 
solar covering the remaining 10%. 
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Coal-derived liquid fuel production shows some important changes; 
all technologies combined with the HTR logically disappear, and 
a new one appears; hard coal medium BTU gasification. Brown coal 
Lurgi gasification grows, and its activity becomes seven times 
that of the base case, and also appears during the last ten years 
which did not occur in the base case. In spite of this, the total 
amount of synthetic fuel is only 60% of that for the base case. 
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